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Manned Orbital Research Labtoratory (MORL} is a versatile facility
or expermentax research which provide- for:

» Simultanecus Jevelopment of space flignt technology and rian’s capa-
bility to fun. ion effectively under the combined stresses ol the space
environment for long periods of time.

e Intelligent selectivity in the mode of acquisitien, collacion, and trans-
mission of data for subsequent detailed scientific analyses.

e Continual celestial and terrestrial observations.

Future application potential includes use of the MORL as a basic, inde-
pendent module, which, i» combination with the Saturn Launch Vehicles
currentiy planned for the NASA inventory, is responsive to a broad range
of advanced mission requirements.

The laboratory mcuaule includes two independently pressurized compart-
ments connected by an airlock. Tre larger compartment comprises the
following functional spaces:

e A Control Deck from which laboratory operations and a major portion
of the experiment program will be conducted.

» An Internal Centrifuge in which members of the fight crew will
perform re-entry simulation, undergc physgical condition testing, and
which may be useful for therapy, if required.

o The Flight Crew Quarters, which include sleeping, eating, recreation,
hygiene, and liquids laboratory facilities.

The smaller compartment is a Hargar/Test Area which is used for logistics
spacecraft maintenancs?, cargo .ransfer, experimentation, satellite check-
out, and flight crew habitation in a deferred-emergency mode of operation.

The logistics vehicle is composed of the following elements:

e A Logistics Spacecraft v-hich generally corresponds to the geometric
envelope of the Apollo Command and Service Modules und which
includes an Apollo Spacecraft with lauiich escape system and a service
pack for rendezvous and re-entry maneuver propulsion; and a Multi-
Mission Module for either cargo, experiments, laboratory facility
modifications, or a spacecraft excursior: propulsion system.

e A Saturn IB Lannch Vehicle.

Integration of this Logistics System with MORL ensures the flexibility and
growth potential required for continued utility of the laboratory during a
dynamic experiment program,

In addition to the requirements imposed by the experiment program, sys-

tem design parameters must reflect operatwnal requirements for each-

phase of the rnission to ensure:’
¢ Functional adequacy of the laboratpry.
e Maximum utilization of available facilities.

o Identification of important parameters for consideration in future .

planning of operations support.

For this reason, a concept of operations was developed mmultaneously with
development of the MORL system.
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PREFACE

This report is submitted by the Douglas Aircraft Company. Inc., to the National
Aeronautics and Space Adminisiration’s Langiley Research Center. It has been
prepared under Contract No. NAS1-36i2 and describes the analytical and experi-
mental results of a preliminary assessment of the MORL’s utilization potential.

Documentation of study results are contained in two types of reports: a final re-
port consisting of a Technical Summary and a 20-page Summary Repott, and
five Task Area reports, each relating to one of the five major task assignments.
The final report will be completed at the end of the study, whiie the Task Area
reports are generated incrementaily after each major task assignment is completed.

The five Task Area reports consist of the following: Task Area I, Analysis of Space
Related Objectives; Task Area II, Integrated Mission Development Plan; Task
Area 111, MORL Concept Responsiveness Analysis; Task Area IV, MORL. System
Improvement Study; and Task Area V, Program Planning and Econiomic Analysis.

This document contains 1 of 2 parts of the Ta:™ Area III report, MORL Concept
Responsiveness Analysis. This analysis compares the capability of the baseline
MORL concept to the mission recuirements as defined in the Task Area II report.
Potential solutions for marginal capabilities are a’so identified and recommendations
for further nalysis in Task Area IV are made.

The us and identification of the two parts of this report are as follows:
Book 1, Douglas Report SM-48813, presents the results of this assessment; it is
supplemented by Book 2, Douglas Report 48814, in which the assessment is based
on a detailed examination of a 48-hour segment of on-board operations which are
subjected to the same mission requirements.

Requests for furtler information concernirg this report will be welcomed by
R. J. Gunkel, Director, Advance Manned Spacecraft Systems, Advance Systems
and Technology, Missile & Space Systems Division, Douglas Aircraft Company, Inc.
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Section 1

INTRODUCTION AND SUMMARY

The purpose of the Task Area III Study (MORL Responsiveness Analysis) was
to determine the ability of the MCRL to fuifilil the requirements ot the Mis-
sion Development Plan. The plan was formulated from the analyses of Task

Areas I and II.

As discussed in Book 1 of Task Area II (SM-48810), the Mission Development
Plun provided initiaily for a 3-to 5-year R&D -criented program of basic
experiments that could be completed in a low-altitude, .low-inclination orbit.
The R&D prcgram was designed to develop the information necessary to
implement subsequent, highly obiective-oriented, experimental programs.
It was anticipated that, with the conclusion of the initial R&D mission, these
highly objective-oriented programs would be selected and assigned to
MORL. Specifically, the following three basic requirements were imposed
on MCRL:

1. MORL must support a broad scientific and technolegical research
program designed to develop the basic data, information, and
techniques necessary to implement subsequent, highly objective-
oriented, experimental programs. The broad-based research pro-

gram consists of those experiments listed in the Experiment Plan
of Task Area II

MORL must also support a highly objective experimental program
designed to fully implement one or more clearly defined scientific,
technological, or industrial applications of space stations. Such a
program was selected from the Applications Plan of Task Area II.

[\¥]

3. MORL must operate in polar and synchronous orbits, either singly
or simultaneously with other modules, in a resuppliakle mode.
These orbits were examined because they may be required for the
highly objective-oriented programs.

Thus, to be completely responsive to projected needs, the MORL must be
not only capable of meeting the requirements of an R&D program with a
brecad base, but must also be capable of supporting the requirements of

application-oriented programas.
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In this study, the requirements imoosed by the broad-based experimental .
program, the objective-oriented program, and the two alternate ortits werec

first determined. The capabilities of the baseline MOKL were tlen exam- .
ined to determine the degree ‘o which MORL could satisfy these require-

ments,

1.1 MORL ACCOMODATION OF THE EXPERIMENT PLAN

The MORL accommodation of the requirements imposed by the broad-based —

Experiment Plan was studied in a two-fold manner. The first approach
investigated the adequacy of the resources of the MORL in the light of the
quantity necessary tc acccmrnodate the experimental program. The second
approach studied the performance of the various MORL subsystems as com-

pared to that necessary to perform the individual experiments.

1.1.1 Adequacy of MORI Resources

This approach establisned the basic requirements for each experiment, such
as weight, power, duration, crew skill, and so forth, and used these as the
input into a digital computer program. The prégram titled the Systems
Planning and Effectiveness Evaluation Device (SPEED) simulated and sche-

Auled all events on board an orbiting MORL. In essence a time lined

-

Experiment Plan was constructed by comparing the resource and scheduling
requirements of the individual experiments to the MORL resource availa-

bility. The following conclusions were reached:

1. The size of the six-man MORL is adequate to complete the R&D
oriented MORL Experiment Plan. The study showed that in carry-
ing out the Experiment Plan, the efficiency of the MORL facility
was high. Utilization of the major experiment support parameters,
such as crew time and shipping weight, was near 100%. The factors
which limit the rapidity with which the experimental program could
be accomplished appeatred to be the availability of crewmen and
their respective skills. Analysis has indicated that changes in the
crew skill mix have a significant effect on the time rec ‘red to com-
plete a given set of experiments. Worthwhile reductions .2 program
duration could be made by not only adjusting the crew skill mix, but
also by increasing the crew -~ize. An increased number of crewmen
can provide a better system load factor balance, allow more flexi-
bility in the skill mix assignments, provide more skills, and allow
a larger number of man-hours to be devoted to experiments.
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It is therefore recommended that the effectiveness of a nine-man
crew in accomplishing the Experiment Plan on MORL be deter-
mined.

2. The experimeats in the Experiment Plan were scheduled and
completed in accordance with the requirements of the plan.
Delayvs caused by the unavailability of resources were minimal.
The effect of subsystem failures arzd subsequent repair operations
were simulated and found to have an insignificant effect on the
program operation.

J=d

!

» order to complete the first part of the responsiveness analysis, a portion
of the Experiment Plan was alsc examined in depth. This was accomplished
to provide insight into the detailed problems that can be encountered in
carrying out an in-space experimental program. The analysis considered
the location of experimental equipment, crew timeline histories, detailed
failure and repair functions, and detailed laboratory operations. The con-

clusions and recommendations resulting from this analysis are documented

in Book 2 (SM-48814) of this task area report.

1. 1. 2 Subsystem Performance

The second approach, used to establish the extent to which MORL rneets the
requirements of the program, consisted of determining the demands made
by the experiments on the performance of the MORL subsystems, and then
comparing these demands with the capabilities of the subsystems. The

results are outlined in the paragraphs below.

1.1, 2.1 Stabilization and Conirol

Of the 102 representative experiments found to impose requirements on the
Stability and Control System (SCS), 13% can be accommodated without
changes to the baseline design. (The MORL baseline design referred to in
this book is the design documented at the end of the Phase Ila study Douglas
Reports SM 46071 through SM 46100). The primary limitations are due to
the fact that the experimental requirements exceed the baseline stabilization
or zlew rate capability. However, if the baseline precision attitude refer-
ence is used in conjunction with a rigid sensor/experiment mount and those
experiments which exceed the rate control capability of the baseline system

were gimbal mounted, the accommodation of the experiments examined is
increased to 86%.

y
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Further improvements can be made by tightening the attitude control

capability of the SCS. The number of experiments which can be accommo-
dated by the SCS is, therefore, a function of the capabilities of the baseline
system. It is recommended that the confidence in actually attaining these
capabilities be improved by further study in the fcllowing areas:
1. The ability of the SCS tc maintain the 0. 5° attitude hold accuracy
must be substantiated.

2. The estimated disturbance rates induced by crew motion must be
verified by further study, simulation, and inflight testing.

3. The capability of the precision attitude reference system in com-
bination with the SCS must be determined.

1.1. 2.2 Environmental Control and Life Support

Only minor Environmental Control and Life Support System (EC/LS) modifi-
cations will be required to accommodate the Experiment Flan. Since a
major portion of the experiments will be performed in the MORL hangar sec-
tion, a separate cooling and ventilation system should be installed in that
area to provide proper temperature and comfort control. The changes that
would be required to accommodate a larger crew should also be determined.
Preliminary analyses indicate that these changes could be easily adapted to
the baseline system. The EC/LS system weight increase required to support

a nine-man laboratory was found to be approximately 550 1b.

1.1. 2.3 Structures

The Structures and Configuration System was examined to establish the
systems ability to support the experimental activity on board the laboratory.
A console and operator panel should be added ir the hangar section to provide
experiment control flexibility. In addition a rigid mount should be installed
to provide a base for experiment sensors that require great accuracy and
stability. The baseline scientific console should also be modified to provide

the capability of multiple experiment control and monitoring. -
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1.1. 2.4 Communications

The Communications Systermn was found to have insufficient data management
capacity. The following fcur areas should be investigated to determin« their

e..ect in increasing this capacity:

1. A singie programmable data acquisition and distribution function
which is central to all other subfunctions.

2. An all-digital data distribution bus with local ar.alog-to-digital
(A-D) conversion.

3. A single data channel telemetry function with interrupt capability.

4. The capability to reduce operational and experimental data on
board.

Generally inflexible experimental requirements were used in the studies of
subsystem responsiveness. In some cases. severe experimental require-
ments were imposed because of inadequate definition of the purpose of the
experiment, and/or because of the uncertainty of their effect on the labora-
tory capabilities. These severe requirements compounded problems arising

out of a conflicting need for the laboratory resources.

To remedy this situation, the experiment and the laboratory in which it will
be performed must be considered as a design unit. The laboratory/experi-
ment interface must be iteratively improved by successive and coordinatad
changes in the experiments as well as in the laboratory. The application of
this procedure is partly responsible for the efficient utilization of the MORL
(nearly 100%). However, further refinements in MORL subsystem designs
appear to be highly dependent on more detailed experiment definitions and

redefinitions prepared in close coordination with the subsystem designers.

1.2 MORL ACCOMMODATION OF THE OBJECTIVE ORIENTED PROGRAM

An objective oriented program selected for analysis from the Applications

Plan, was one necessary to the evolution of all techniques and instruments

used in a program of routine assistance to Fisheries Production. This pro-

gram was selected to illustrate the effectiveness of the MORL, should such a
program be selected for implementation, The study found that MORL

resources were adequate to meet the demands of the Fisheries Production

'
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program. In addition, the crew skill mix was found to be somewhat critical,
since the time required to complete the Fisheries Production program was
quite sensitive to this parameter. For example, when the skill of one mem-
ber of the crew was changed from that of meteorologist to oceanographer,

the recuired program duration was reduced by approximately 12%.

1.3 ALTERNATE MORL MISSIONS

It was found that the requirements of the experiments in the Experiment Plan
coula be satisfied in a low-altitude and low-inclination (30 to 60° inclination)
orbit. The orbit parameters of the baseline MORL design are 200-nmi alti-
tude and 50° inclination. However, since a highly objective-oriented pro-
gram may require operation in a polar as well as in a synchrenous orbit, it
was decided to determine the effect of conditions in these two orbits cn the
baseline MORL. It was found that except for additional radiation protection,
changes required to the baseline MORL laboratory design to accommodate
these missions would be miror. However, a Saturn V launch vehicle will b:

required for the polar and synchronous missions.

The peolar mission can be accommodated by making the following changes to
the baseline system:
1. An addition of 1, 820 1b of shielding material must be made to the

basgic structure to attenuate the increased radiation to an acceptable
dose level.

2. Onme tracking site (probably at Guaymas) must be added to the two
baseline sites at Cape Kennzdy and Corpus Christi in order to pro-
vide the navigation accuracy required.

3. Launch from Cape Kennedy, with the attendant range safety restric-
tions, reduces the orbit payload to such a vaiue that a Saturn V
launch vehicle is required for the polar mission.

The MORL should not be committed to the synchronous mission until further
studies are completed. At present, it-appears that the current MORL can-
not accommodate the synchronous mission because of the large amount of
radiation shielding required. However, the many uncertainties in this anal- )
ysis deem that certain studies (discussed in subsequent paragraphs) be com-

pleted prior to a firm decision. When the nominal irtensity of the electron

environment at this altitude (as defined by Reference 1) is used, the required
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shield material that m1st be added to MORL in order to attenuate the dose
received to an acceptable level, is approximately 20 tons. However,
because of the zbove men.ioned uncertainties in the rmagnitude of the radia-
tion environment at this altitude, the corresponding variation in required
skield wei 'ht is from 4, 400 to 110, 000 1b. The maximum weight allowance
that culd be allotted to radiation shielding on the laboratory launch is
approximately 30, 000 1b (when zero discretionary payload is assumed).
Even if the material could be resupplied the addition of this thick material

(10-in. thick for 40, 000 1b) seems out of the question.

The increase in shield weight required over previous analysis results can be
attributed to refined assessment of the following four factors:
1. The differential energy spectrum of the incident electron radiation
was expan-ded to include the flux at low energy levels.

2. The bremsstrahlung flux-to-dose conversion factor were modified
in the low energy region.

3. The electron-transmission calculations were slightly modified.

The bremsstrahlung dose buildup factors were inodified.

These changes were the result of improved and updated techniques of calcu-
lation which were “mplemented to be consistent with current theory. Sim-
plifications, made in the initial developnent of these computer techniqaes,

were replaced as more exacting analyses became feasible.

Prior to a decision which would commit the MORL to the synchrcnous mis-

sion, the :ollowing areas of study should be pursued:

1. The synchronous mission must be defined so that the minimum
acceptable laboratory volume can be determined. The present
MORL was designed tc operate in a moderate radiation environ-
ment. Therefore, the radiation environment was not a strong
influencing factor on the design. Future configuration studies may
result in a reduction of shielded area and thus in a proportionate
reduction in the weight of shielding material.

2. The shielding effectiveness of on-board materials such as water

and propellant should be determined. This soluticn would be par-
ticularly effective if the livable volume could be significantly

reduced.
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3. Personal portable ~hields shouid ke evaluated to determine weight
savings as well as pcssible operational restrict ons.

4. The use of laminated shield materials should be evaluated to take
advaintage of the properties of various materials.

5. The phys‘cal task of attaching thick shield macerial to the
laboratory on Zarth or in orbit, must be examined to determine
the restriction and interactions with other subsystems and
experiments.

6. The allowable dose critericn should be reviewed to determine if
it could be relaxed fcr the svnchrorous mission.

7. The electron flux at synchronous altitude must be better defined.

In addition to the restrictive shield weight required for the synchronou-
mission, the following three changes to the baseline MCORL are required:
1. Thke E(C/LS radiator must be reduced to account for the reduced

heat influx at this altitude. This can be accomplished by removing
13 of the 41 circumferential radiator tubes.

2. The communications system must incorporate an S-band system,
similar to the Apollo unified S-band system to account for the addi-
tional 25 dB space loss ai this altitude.

3. A Saturn V launch vehicie is required.
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Section 2

PURPOSE

The Phas= IIb nertiun of the MORL study consisted of a series of five

sequentialiy phased tasks.

Task I was primarily concerned with: .dentification of areas of orbital experi-
meniation with a high utiliz.iicn potential, that is. areas which could be
recoramended to NASA as offering the highest scientific and technelogical
returns. The scope of Tack I was not limited to the identification of NMORL

missions aione.

Task II addressed :ne pioblem of achieving and implementing the crbital
objectives identified by Task I analyses. Ornce again, it was attempted to
take a comprehensive cverview of the problem by developing a 15-year
Missior Plan, in which the re:pective roles of thie Apoliv Application Plan
(AAP), MORLi, advanced logistics sysiems, and operations in alternate polar
and synchrcnous orbits were derived and identified. As seemed appropriate
within the framework of the Missicn Plan, experiments were suggested for
the AAP ard thec MORL concepts. The experiments allocated te the MORL
were then timelined to yield the Experiment Plan. The Experiment Plan
constitutes the best currently available descciption of orbital experiments and

tasks to be accomplished by the MORL in its initial 3 to 5 years of operation.

Task [II attempted to assess the responsiveness of the MORL concept specified
at the end of the Phase Ila study to the Mission Plan derived in Task II.
Assessment of concept responsiveness extended to a study of the MORL's
ability to accommodate experiments in the Experiment Plan, as well as the
MORPR L's ability to operate in polar and sychror.ous orbits. Also, appropriate
recommendations were to be made ‘o improve MORL responsiveness to the
Mission Plan in general, and MORL, accommodation of the Experiment Plan

in particular.
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Task IV incorporated all design and tradeoff studies necessary to determine
the best way of implementing the conclusicns and recommendations of
Task III. Modification of the Fhase Ila concept tc include these new features

was to corclude Task IV.

Task V was concerned with the evoluticn of a MORI, development and cost
plaén incorporating the concept revisions carried out in Task IV. Sysiem
research and technolcgy items necessary to implement these plans in a
timely and economical manner were 2lsc defined and incorporated into an

sverall plan.

Thus, Task III {s seen to be the connecting link between the two ends of a
compiete spectrum of analyses des:gned tc refine the MORL mission defini-
tion and its responsiveness to that mission. Tasks I and Il were grouped on
one end o: the spectrum; they represent overall requirements and planning
analyses in which the MORL is only one of a series of space systems 2nd
missions. Tasks IV and V are grouped on the other end of the spectrum;

they are designed to improve the MORL's responsiveness to its assigned

role within an overall framework of space systems and missions recommended

for NASA consideration.

To establish the link between the two ends of the above spectrum, the scope
of Task IIl includes (1) a restatement of mission requirements derived from
the overall analyses, (2) a comparison of the performance capabilities of

the Phase IIa MORL concept to these requirements, and (3} recommendations
derived from this comparison to improve the responsiveness and mission

accommodation potential of the MORL.

2.1 MORL MISSION AND EXPERIMENTS REQUIREMENTS

The purpose of the Task Area III report is to assess the responsiveness of
the MORL to its assigned missions. Therefore, it is appropriate to restate

and summarize the missions and requirements imposed on the MORL.
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As derived and justified in the Task I and II reports, the MORL is to have the

dual capability of supporting either one of the {nllowing programs:

1. A broad based scientific and technelogical research program
designed to develcp the basic information, data, and techniques
necessary to imnplement subsequent, nighly objective-oriented
experimental programs.

2. A highly objective-oriented experiinental provram designed to Inlly
implement one or more clearly defined scientiric, technelogical, or
commercial applications of space stations.

It appears that a brcad-based research progra.m can be completed in a low-
altitude, low-inclinaticn (30 to 60°) orbit. Subsequent, objective-oriented
programs may require operations in polar and synchroncus orbits, using one
or several MORL modules. Therefore, the canability to cperate ia polar
and syncnronous orbits, ecither singly or simultaneously with cther modiles,

is a design requirement on the MORL.

The initial mission of the MORL is defined as the accomplishment of a broad-
based rescarch program in a 50° inclination orbit. The specific experiments
comprising this program are those contained in the Experiment Plan.
Subsequent, objective-oriented experimental programs cannot be equally

defined at this time.

These MORL mission requirements are closely coordinated with the AAP and
the availability of an advanced 6- to 12-man logistics spacecrait to support
the simultaneous opercstion of several space stations or the operation of single

stations in pnlar and synchroncus orbits.

2.2 APPROACH AND SCOPE

Assessment of MOP.L responsiveness to the above mission requirements
presents a number of conflicting problems. On one hand, the ability of the
MORL to accommodate a given group of experiments cannot be conclusively
affirmed or denied until integration of the experiment has been attempted
by (1) detailed layout drawings, (2) study of specific instrument-subsystem
interface and installation problems, and (3) carefu! time-line analyses of

associated crew activities. On the other hand,. detailed assessment of a

11
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limited time pericd ir the life of the MORL cannot be projscted over the
entire 3 to 5 vear iritial MORL mission to guarantee integration of the
entire experimental program with the laboratory. Of course, a detailed
integration effort, as practiced in the planning of relatively short Mercury-
Gemini missions, appears to be neither practical nor necessarily desirable
for semipermanent space stations such as the MORL. The effort required
is too large, and the results would be continuously invalidated by the neces-

sarily unpredictable course of the experi.nental program.

For semipermanent space stations, such as the MORL, the most realistic
approach to experimental program planning appears to consist of a judicious
combination of computer-based experiment integrat.on, with detailed, coen-
ventional planning and integration activities limited to small, carefully

selected representative portions of the entire mission.

The rapid turnaround capability of the computerized experiment-integration

proceduare allows expedient replanning of an entire MORL mission in response

to changing laboratory conditions and adjustments required by new experi-

mental results. The conventional hand-integration procedure not only spot-
checks and verifies the computer results, but points to problems which can
be discovered only by use of human judgement ard experience. From the

point of view of developing an experiment integration methodology for the

MORL, it is interesting to note that the limited application of hand-integration

is highly useful in developing, and then calibrating, a computer-tased

experiment-integration tool.

The responsiveness of the MORL to the Experimental Plan has becen
assessed using the above dual approach. The results of the two approaches
are described in Books 1 and 2 of the Task Area III report. Thus, Book 1
considers the responsiveness of the MORL over the entire Experiment Plan
and a mission duration of 3 to 5 years; Book 2 examines in more detail the

happenings in and around the laboratory during a typical 48-hour period.
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Book 1 contzins the results obtained frora the computer runs made with the
Systems Planrning and Effectiveness Evaluation Device (SPEED). These runs
assess the responsiveness of the MORL to its initial broad-based, R&D
missiorn, as well as th: responsiveness of the MORL to an objective-oriented
experimental program selected for illustrative purposes only. The respon-
siveness of the MOKRL to these experimental programs is discussed in terms
of the following: (l) the extent of the utilization of laboratory resources,
including the crew; (2) the extent to which resources are critical; {3) the
length of time requirsd to complete the experimental program; (4) the
momentary mix of active experiments on the laboratory; (5) the impact of

subsystem failures and repairs.

To further ensure the ability of MORL subsystems to accommodate experi-
ments, the computer-based study of the subsystem-experiment interface was
augmented by a direct comparison of experimental requirements and per-
formance capabilities of subsystems most closely affected by experiments.
These subsystems were the (1) Stabilization and Control System (SCS), (2)
Environmental Control and Life Support System (ECLS), (3) the Communi-
cation System (CS), and (4) the structure and configuration of the MOR L.
These analyses attempted to assess the ability of the MORL to support R&D,
as well as objective-oriented experimental programs. However, as specified
in Section 2.1, the capability to operate in alternate orbits is also a design
requirement on the MORL. Therefore, the remainder nf Book 1 is concerned
with the impact of the polar and synchronous orbital environment on the MORYL
and its subsystems, including the logistics system. Special emphasis was
placed on the study of potential radiation and shielding problems to be

encountered in these orbits.
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Section 3

ASSESSMENT OF MORL SYSTEM RESPONSIVENESS
TO COMPLETE EXPERIMENTAL PROGRAMS

The purpose of this section is to assess the responsiveness of the MORL to
two different experimental program types. The first type is a basicresearch
program oriented toward the development of techniques and instruments
which will form a scientific and technological foundation for the second type,

z highly objective oriented expe~‘mental program.

The Experiment Plan, a definition of the initial experiments recommended
for the first 2 to 3 years of MORL operations, is an example of the first
program. The Experiment Plan must be largely completed before one or
more objective-oriented missions can be selected for implementation. This
is because, in a sense, this broad-based, R&D program is also a feasibility

testing program for key sections of promising objective-oriented programs.

PR

However, for an illustrative and preliminary assessment of MORL respon-
siveness tc an objective-oriented mission, a series of 66 experiments,
designed-to evolve the ways and means of giving operational assistance to

Fisheries Production, was selected.

For both experimental program types, MORL responsiveness was assessed @ 3
over the entire mission and for the entire MORL system. This may be con- - g
trasted to assessment of MORL responsiveness to a few selected days of the '
entire mission and the responsivéness of individual subsystems. A typical

48-hLour portion of the Experiment Plan was analyzed in depth to provide in-

sight into the problems arising in the implementation and mechanics of an . y
experi“ment program. This analysis is-discussed in Book 2 (SM-48814) of N
this report. The detailed responsiveness of the subsystems to the individual

experiment requirements is analyzed in Section 5.

.
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Perhaps the most significant result of the computer-based portion of MORL
responsiveness analysis is the general conclusion that a six-man orbiting
research laboratory is adequate in size to carry out a broad-based, R&D
program. Particularizing this general conclusion to the MORL concept, the
following conclusions c«n be made:

1. The MORL facility is being used in the most efficient manner possi-

ble, that is, the MORL is close to 100% utilization in all its majcr
parameters.

2. The availability of experiment support resources is correctly
proportioned. For instance, available experimental crewtime and
power are in the correct proportions to each other.

3. The experiment program is being completed in the most expeditious
manner possible, that is, no excessive delays and slippages cccur
in carrying out experiments.

4. Subsystem failures and repairs do not have a significant imapct on
the experimental program. However, additional analysis is
required to determine the impact of experimental equipment
failures.

5. The availability of resources, such as experimental crewtime and
power, appears to be correctly matched to the demands of a R&D
oriented mission.

6. The ability of the MORL to accommodate larger experimental pro-
grams is largely dependent on increasing the crew size from 6 to 9
men. This increase may be particularly important to accommodate
the emphasis on specialized skills that appear to be a feature of
cbjective-oriented experimental programs.

In general, availability of adequate crewtime and crew skills appear to be
the crucial factors in experiment and mission planning for a semipermanent
orbiting research laboratory. Partially because of their close associatidn
with crew activities, distribution and installation of experimental equipment
and the internal configuration of the laboratory appear to play an equally
important role. Availability of electrical power, experimental equipment,

and similar resources i3, of course, essential but can be assured readily

" enough to make these rescurces of secondary importance in mission plan-

e

ning. The following discussion will elaborate on these conclusions. :
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3.1 RESPONSIVENESS OF THE MORL TO THE EXPERIMENT PLAN

3.1.1 The Experiment Plan

The MORL Experiment Plan is derived and described in detail by the Task II
report. The Experiment Plan represents the best currently available defini-
tion of the specific experiments te be performed by the MORL in its initial
3-1/2 years of operation. The experiments comprising the Experiment Plan
have been derived from two sources, the Data Bank and the Applications

Plan.

The Data Bank is a collation of all experiments identified by the MORL,
Extended Apollo, AES, and OSSS studies. The Applications Plan was devel-
oped as part of the current Phase IIb MORL study and represents an in-depth
planning effort to define an oceanographic and meteorological experimental

program for space stations.

Tze Experiment Plan contains only those Data Bank and Applications Plan
experiments which were thought to be fundamental to a number of objectives
in space and to be contributing to the creation of a broad scientific and tech-
noiogical ase for future efforts. For instance, only those Applications Plan
experiments concerned with the development and testing of basic instruments

and techniques weaere included in the Experiment Plan. Although these exper-

‘iments were evolved as part of an oceanographically and meteorologically

oriented experimental program, it has been shown that instruments and
techniques evolved by them are in fact common to many other Karth-centered

scientific and technological objectives.

The Experiment Plan takes maximum advantage of this commonality and
emphasizes inclusion of those experiments which appear to-benefit several
space objectives at one tirhe. The Experiment Plan is, therefore, a reflec-
tion of the long-standing view of the MCRL as a broad-based orbital R&D

facility, Figure 3-1 sufnmarizes some pertinent facfs about tlie Experiment

‘ ~ Plan. ] » _ "
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As indicated, the Experiment Plan consists of 251 experiments, requiring

a total of about 53, 000 orbitzl man-bours for completion. These experi-
ments were input to the SPEED program, to be timelined and scheduled,
subject to the performance capabilities of the MORIL, including interrupticns
caused by random breakdown and repair of subsystems. A description of the
operation of the SPEED program and a statement of input data used is given

in Appendix A of this report.

i \ ..

The discussion below will describe the responsiveness of the MGCRL, as

determined by SPEED, to the broad-based, R&D oriented Experime.t Plaa.

pun sk 4 -

The following criteria will be used to evaluate MORL responsiveness:

1. Efficient utilization of laboratory resources.
2. Timely and rapid completion of the experimental program.

i 3. The distribution of experimental effort between experiment® areas as
’ a function of time, that is, the extent to which a balanced experi-
mental program can be consistently maintained.

.
i

4. The effect of laboratory reliability and maintainability on the
experimental program.

5. Identification of laboratory recources and subsystenis which
adversely affect the efficient and iimely completion of a balanced
experimental program.

3.1.2 Utilization of l.aboratory Resources

The measure of design responsiveness of a system must be appropriate to
the intended purpose and mission of that system. Thus, in designing
delivery systems, such as airplanes, orbital carriers, and launch vehicles,
- it is quite appropriate to-measure the quality of the design by a figure of

- merit, such as dollars per pound or dollars per ton-mile.

However, an orbital research laboratory (ORL) is not a delivery vehicle, but
a facility designed to support orbital experimentation. As is the case with

any other facility, its design effectiveness is customarily measured by the

2SRV A Y

achieved utilization of its major resources.

In the case of the MORL, the most important resources are (1) crewtime,
(2) crew skills, (3) electrical power, (4) experimental equipment, and (5)

logistics systems delivéry capability. Many others can, of course, be also

19-
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named. Experience has shown that the percent utilization achieved of these
resources (to be called facility load factors) is an excellent measure of the

responsivaness ci the MORL design to a paruc-ilar experimental program.

Facility load factors are calculated by experimental program simulation or
scheduling tools, such as SPEED. In essence, SPEED ccmpares the avail-
apility of crew time to the crew time demanded by the next experiment eligi-
ble to be put on the line. If availability of crew time and all other resources
match or exceed the demands of the candidate experiment, the experiment

is scheduled.

Very oiten, however, it will be found that, although most resources are
available in adequate amounts, one particualar resource is fully utilized. In
that case, even though most of the facility resources are under-utilized, no
new experiments can be scheduled until an experiment using the one fully
utilized resource is completed and taken off the line. For instance, if all
crewmen are fully occupied with experiments requiring little power, the
power load factor will remain low as long as the crew time load facior is not
reduced, that is, one or more crewinen becorne available to perform experi-

ments which may require mcre power.

The computer simulation continues in this manner until all experiments have
been ccmpleted or a preset time (mission duration) has elapsed. An auto-
matic record is kept of the magnitude and timin; of changes in the utilization
of each resource; that is, the utilization of the rz2source is calculated as a
function ot time (utilization profile). By averaging the utilization »rofile
over the entire mission, an average facility load factor may be determined
for each resource, Suitable measures of deviation from the average are, of

course, also calculated.

Clearly, unequal and unbalanced facility load factors on crew time, power,
and other reécurces reflect a very undesirable situation. For instance, a
consistently high crew-time load factor and a consistently low power load
factor would indicate that experimental demand conflicts tend to occur pre-
dominantly because of inadequate availability of crew time. On the other -

hand, it would also be apparent that relative to available crew time and the
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type of experiments assigned to tue lalsratory, the power svstem would be
too large. For an ORL, this problem may be particularly undesirable in
view of the implied additional complexity and weight. ILast but not least. an
unbalanced design, as indicated by unbalanced facility load factors, implies
that by increasing performance capabiliiies of over-utilized resources, the
number of experiments delayed by conflicting demands can be reduced and
the completion of the expcrimental program hastened. In view of the fact
that MORL oper.ting costs are $350 to $400 million annually, rapid com-

pletion of the evperimental prugram is of ccusiderable importance.

Thus, approximately equal and near 100% facility load factors carry the

follewing connotations:

1. The availability of rescurces (MORL performance parameters) is
correctly proportioned relative to each other.

2. The experiment prograra 1s ceing completed as rapidly as is
possible with the given size facility.

3. The availability of resources is optimally matched to the general
characteristics of the intended experimental program.

It is very important to note the latter condition. Thus, the correct pro-
portion of crew time, power, and other resource availabilities is a function
of the type of experimental program to be performed. For instance, in a
purely biomedically oriented ORI, the proportion of crew time available
for experimentation to electrical power availability sh- uld be much higher

than in an ORL specialized to experiments in comrmunications.

Maximizing the responsiveness of an ORL involves, therefore, the itera-
tive readjustient of resource availabilities (that is, total crew size,
electrical power output, pressurizable volume, and so forth) until all

facility load factors are approximately equal and near 100%.

MORL resource availabiliities (that is, general performance characteris-
tics) are matched tc a broad-based, R&D oriented experimental prcgran.
The statistical characteristics of such an experimental program are well

described by data presented in the Task I repo-t,

21
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in general, the Experiment Plawn scheduled into the MORIL facility consis*s of

R&D oriented experiments. The facility load factors indicated in Figures

3-2 refiect the high degiee of integratiorn achieved between the MORL facility
parameters, on one 1ana, and the MORL Experiment Plan, on the other ‘
hard. These load 1actors were selected for study because previous MORL
studies have isclated .hem as the most significant from the systems point of
view. Particular z2spects of these resources relative to the Experiment

Plan will be discussed in detail below.

3.1.2.1 Electrical Power

The data shown in Figure 3-2 are based on an 11-kW Brayton cycle issiope

power system, and the assumption that of the 11-kW total output 2. 55 kW X
are always available for experimentation. An exception is the loss of power

caused by the failure of the electrical power system, or excessive power

demands imposed by te tiilure ard repair of another subsystem. “

The SPEED simula®ion results showed that the average electrical power con-

sumption by experinents was only 51 W, or about 3% of the power allocated ‘k
to experiments. It should be noted that a neak-power consumption cf

2,205 W, or B6Y% capacity, was experienced during the simulated mission.

This high peak power requires that the power allocation for experiments

should not be reduced. If the housekeeping electrical load of 8,450 W is

included in the utilization calculations, then the average overall utilization

is 78%, with a peak consumption of 97% of the available 11 kW.

The allocation of 2. 55 kW to experimentation is further supported by the
occurrence of secondary power peaks at various times during the mission.
These power peaks may be identified in Figure 3-3, showing the instantane-
ous consumption of eiectrical power at the beginning of each month. The
f{requency oi these snapshot status reports was limited to 1 /month, since
publication limitations preclude more detailed utilization profiles. The cal-
culation of average load f~ctors, however, is based on an infinitely fine
time incrementation permittzd by the utilization of special simulation tech-

niquest built into the SPEED program.
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Figure 3-3. Experirient — Electrical Power Consumption
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3.1.2.2 Shipping Weight and Voiume

Shipping weight and volume measure the cargo delivery capability of the
Saturn IB/Apolio logistics system. This logistics system is described in
detail in Section 4. 3 of this repert. In summary, however, the system can
deliver z net cargo of 10, 000 1b, occupying 1, 000 cu ft/flight. Except for
the twn additional flights required to man the MORL during its first opera-

tional year, four such flights are scheduled annually.

Total annual housekeeping (crew consumables, orbit keeping propellant,
spares, and so forth) are estimated to be 22, 000 1b. The experiments
required the delivery of 18, 400 1b over the full 3. 65-year mission duration.
The resulting average shipping weight and volume load factors are 65% and

67%, respectively.

Maximum utilization of logistics delivery capability occurred on the first
three logistics launches. The reason for this is that most of the experimen-
tal weight had to be delivered at this time. In this worst case condition,

weight and volume utilization were 99% and 98%, respectively.

e
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Thus, shipping weight and vclume load factors are noted for their moderate
average utilization, particularly when compared to tn» high power and crew
utilization acrieved. The 1 gisticse system load factors can be prirnarily
ascribed to the fact that thie ‘light irequency is not set by cargo requireraents,
but by biomzaical ~onsiderations limiting allowable crew stay times on the

MORL.

It is carrently thought that the average cour of duty should not exceed 18C
days. To rotate a 6-man crew using a 3-seat vehicle (Apolio), 4 flights/
year are necec<sary. These 4 flights represent an annual cargo delivery

capability <z -0 5C0 1k, of which eonly about 50% can be utilized.

A secondary, but perraps nc less important, reason for the 90-day logistics
flight frequency is the flexibility afforded to the experimental program.
Thus, it appears very orobable that potential increases in allowable crew
stay times would be translated intc a larger crew size rather than a reduced
fiight frequency. X or instance, an extension of crew stay times to 270 days

would allow a nine-man crew and maintain the 4 flights/year.

For purposes of system and subsystem tradeoffs, it is very important to
contrast the moderate logistics load factors to the completely utilized
capezbility of the Saturn IB to launch the unmanned laboratory mcdule itself.
In terms of tradecff penalties, exceeding the capabilities of the Saturn IB
wouid mean that the MORL would have toc b~ launched by a Saturn V. On the
other hand, additional cargo delivery requirements imposed oxn the logistics
system in no way penalize the total MORL system. If, therefore, a choice
can be made which results in the reduction of weight to be laurched with the
laboratory or the logistics system, the choice should always be made in

favor of the initial laboratory launch.

3.1.2.3 Crewmen and Crew Skills

As indicated in Figure 3-2, about 90% of eack crewman's day appears to be
occupied with experimentation, housekeeping, rest, recreation, exercise,
or other activities. The remaining 10% of the 24-hour day represents

available, but practically unutilizable time. For instance, the 10% may
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include the time spent by a crewman in an inactive status because the other
five men have co.npletely utilized all availatle power, and there is no experi-
ment eligible to start which does not require sorne power. Many detailed

exampiles of such forced inactivity are given in Book 2 of the Task III report.

It appears that tne appreximately 90% load factor evolved for each member
of the crew is the maximum prantical. The crew, therefore, can be said to
be utilized to the fullest extent possible. However, in previous MORL
studies, the availability of crew skills has been found to be of equai if not

greater importance than gross crewtime.

Therefore, the responsiveness of the cvrrent MORL crew skill mix to the
Experiment Flan has been studied with particular concern. The skills
currently specified for each of the six crewmen are shown in Figure 3-2.
As can be seen, several men may possess the same skill, that is, all men
can be general workers. I '
The availability of skills and their utilization are shown in Figure 3-4. As

indicated, there are six men possessing the skill called general workers. !
On an average, 5.3 men with this skill are seen to be occupied. It is to be

noted that this does not iraply that on an average 5.3 men are actually T
exercising the skill of a general worker. For instance, one of these men

may be functioning as an astronomer. Because, however, a man is assumed T
to be capable of working on only one task at a time, his assignment to an

astronomer's tasks effectively implies that his skill as general worker is

also utilized, that is, unavailable.

Because of this peculiarly interdependent nature of the resources called
crew skills, it is perhaps more reaning{ul to study that fraction of total
crew skill availability which is left unutilized. Returning to the above
example, it may be seen that on an average 0. 7 men with the skill of a
general worker are unoccupied and wvnutili:ied. For maximum MORL crew
efficiency, the nonutilization factor shoul:d of course be small. Figure 3-4

certainly indicates this to be the case.
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NUMBER OF CREW MEN AVAILABLE WITH PARTICULAR SKILLS

2 4

ELECTRICAL MECHANICAL TECHNICIAN [ =727 =

OPTICAL TECHNICIAN

ELECTRICAL ENGINEERING SPECIALIST

PHYLIOLOGIST

MEDICAL TECHNICIAN

BIOTECENGLOGY SPECIALIST

METEOROLOG!CAL SPECIALIST

OCEANOGRAPK!C SPECIALIST

ASTHONOMY/ASTRCPHYSICS SPECIALIST fiiiis

PHYSICIST

SUBJECT

OBSERVER

GENERAL WORKER

PHTC-TZCHNICIAN/CARTOGRAPHER

EC/LS REPAIR SPEC: 5 LIST

RCS, SCS, STRUCTUREL REPAIR

COMMUNICATIONS, TELEMETRY,
AND POWER REPAIR

Figure 3-4. Ltilization of Skills (6-Man Crew)
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With the monthly snapshot tecknique employed to indicate peak power loads,
similar snapshots were taken of crew skili utilization as a function of time.
The avaijlabiiity (that is, nonutilization) of each skiiil is shown in Figure 3-5.
As indicated, all skills tend to be heavily utilized in the first half of the pro-
gram. As will be shown below, the second half of the program consists of
experiments which tend to emphasize the general skills {(observer, subject,
general worker and so forth) and tend to de-emphnsize the utilization of
more specialized skills. The utilization of skills as a funct.on of time
agrees, therefore, with the changing complexion of the experimental

program.

3.1.3 Time Required to Complete the Experiment Plan

The MORIL, Experiment Plan is cor- ~rised of 251 experiments, totalling
about 53, 000 man-hours. Because s six-.ian MORL makes available 16, 700
experimental man-hours/year, with a peziec’ 7o utilization of crew time,
the Experiment Plan requires a minimum of 3. 16 years to complete. Figure
3-6 indicates that experiments are being actually completed at a nearly con-

stant rate of about 100/year.

At about 20 to 21, 000 hours of lapsed time (that is, somewhat over 2 years),
this rate drops off significantly. The reason is that at this time essentially
all but the biomedical-behavioral experiments are completed. At the end of
3. 65 years (32, 000-hours of lapsed time), 10 of these extremely long dura-
tion experiments were still incomplete. Al. of the other 241 experiments,

however, have been completed.

Reference to the Experiment Plan contained in the jacket of this report
indicates that conflicting demands placed by experiments on laboratory
resources can be resolved with only minor slippages and experimental
delays.” The extent to which this has been achieved is indicated by the tri-
angular mark on each horizontal bar showing an active experiment. The tri-
angular mark denotes the position of the middle cycle of a multicycle experi-
ment. (Publication limitations precluded the identification of each individual
cycle of a multicycle experiment; the solid bar should, therefore, be inter-

preted as an experiment on board, but not nececsarily continuously on-line. )
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£n inspection of the Experiment Plan indicates that the middle-cycle tends to
be positioned in the geometric center of each of the bars. This, of course,
indicates that cyclic experiments are performed regularly. However, some
experiments (Experiment 233, for instance) could be scheduled at the time
shown only by performing some experiment cycies at irregular intervals. In

no case does this influence the quality of data returned from *the experiment.

It may be concluded, therefore, that a six-man MORL can implement a R&D

oriented experimental program in a timely manner.

3.1.4 The Composition of the Experiment Plan as a Function of Time

One of the most significant conclusions allowed by this computer-based study
of MORL responsiveness to the Experiment Plan is that a six-man laboratory
has adequats capability to maintain at all times a balanced, broad-based
R&D program. This is made apparent by .. cting the Experiment Plan
and noting that within a few weeks after iaboratory launch, experiments in
every one of the major experiment areas are in progress. Furthermore, a
balanced program can be maintained throughout the mission until the list of

experiments to be performed begins to be exhausted.

Table 3-1 and Figure 3-7 indicate the momentary composition of the pro-
gram with time. Only approximately 25% of all experiments active at the
beginning of the program are biomedically and behaviorally oriented. It
should e noted, however, tlLat all experiments in this caregory are started
soon after laboratory launch. The relatively small fraction of biomedically
and behavioraliy oriented experiments in the early portions of the Experi-
ment Plan does not, therefore, indicate that this experimental category is
not emphasized, but rather that a strong effort is being made to ensure an

early start of as rnany other typcs of experiments as possible.

This was achieved by an experiment scheduling philosophy built into SPEED,
which places heavy emphasis on maximum utilization of MORL resources.
In general, resources were allocated to experiments in order of priority.
This order of priority is indicated by the order in which basic experimental

areas are listed on the Experiment Plan. Thus, life-support monitoring

’
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cxperiments have the highest priority, biomedical the second highest, and
funaamental research expeciments the lowest. No priority distinctions are
made within each experiment area. On the other hand, a high priority rating
merely ensures an experiment first call on currently available resources; it

does not torce scheduling over lower priority experiments.

For instance. consider Experiments A, B, and C with power requirements
of 3, 1, and 0. kW, respectively. Furthermore, assume that Ahas a higher
priority rating than B, and that B has 2 higher priority than C. In this
example, the SPEED computer program stores all three experiments in a
set of experimenis called '"experiments waiting for power'. There are as
many such sets as there are resources, although some of these sets may, of
course, be empty. Whenever an experiment is compieted, the resources
used by that experiment are correspondingly increased. When that happens,
the sets of experiments waiting for resources are searched for experiments
that could be started. Returning to tiie above examp. assume that an
expetriment lLas just been completed and the available power has gone up to
1.5 kW. As soon as the power increase has been noted, the set of experi-
ments waiting {or power is searched for experiments that could be started.
Because A has the highest priority rating, it has first call on resources.
However, it will not be scheduied because it requires 3 kW, when only

1.5 kW are available. Next, because Experiment B has the second highest
priority, an attempt will be made to schedule it. Iecause the 1.5 kW is
adequate to cover its requirements of 1 kW, the attempt will be successful.
The power then remaining ava'lable is 0. 5 kW, so that Experiment C cannot
be scheduled. Thus, at the end cf the transaction, the set of experiments

waiting for power inciudes Experiments A and C.

For a complete understanaing of the Fxperiment Plan, it is therefore impor-
tant to note that priority ratings are actually only preference ratings and that
a low-priority experiment can start before a high-priority experiment.

There are many examples of the results of this scheduling philosophy on the
Experiment Plan. As will be shown below, the n.air advantage of following

this philosophy 1s that the laboratory is utilized to the fullest extent possible.
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There are cases when this scheduling philosophy must be overridden and one
experiment must be forced to start before another. An example of such a
sit.ation is given by Experiments 1501 and 501. Experiment 1501 is the sc.up
and calibration task that must precede the start of Experiment 50i. Byv use of
suitable inputs, this logical and scquential relationship can bLe enforced over
all other considerations pertaining to the start of experiments, including

resource availabilities and preference ratings.

The combined use oi the latter type of inputs and of the priority and prefer-
ence ratings has. in fact, been suffic.ent to ensure the balanced and logical
sequence ol experiments shown on the Experiment Plan. Thus, early start of
such exneriments c¢ssential to crew safety as life support, bicmedical, and
behavioral experiments is combined with the near-simultaneous start of
experiments in other areas of investigation. On the other hand, the early
start of these experiments and their generally short duration combine to
increase the percentage of active expel iments devoted to biomedical and
biological research as the Experiment Plan advances toward the 3-year mark.
Thus, the gradual completion of all but a few very long-duration (primarily

biormnedical) experimants can be observed.

3.1.5 Effect of Subsystem Failures

As described in Appendix A, Section 1, to this report, the mathematical
model incorporated into the SPEED program had provisions to reflect the

effect of random subsystem failures on the Experiment Plan.

In general, the high reliability and maintainability incorporated into the

MORL design appears to have resulted in an experimental program essentially
undisturbed by subsystem failures. As indicated in Table 3-2, there were a
total of 21 subsystem failures in the 3. 65 years of simulated time. The total
dev. ntime on the failed subsystems was only 327.9 hcurs. In ail, there were

123 experiment interiuptions during the simulated mission.

It.is to be noted that three subsystems (Electrical Power, RCS, and Struc-

ture) had mean time between failures (MT BI 's) large enough to avoid failures
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entirely. A reevaluation of these MTBF's .may, therefore, alter the above
conclusions somewhat through the introduction of lower MTBF's and, therc-

fore, more failures.

It is also to be kept in m:ind that the zbove results refer only to subsystem
associated experiment interruptions. Thus, failures of the experimental
equipment itself were not considered. Therefore, the above results should
only be interpreted as an order-of-magnitude assessment of the realibility-
experimentation interface., The tool for a complete assessrnent is now exist-
ing in the form of the SPEED program. Generation of suitable input data, a

major effort, remains the sole obstacle.

3. 1.6 Assessment of MORL-Experiment Interface Limitations

From a computer-based (SPEED) assessment of MORL responsiveness to the
Experiment Plan, the major limitation on the capability of MORL to perform
experiments resides in tte difficulty of making available a crewman with the

required skills at the time the demand for it occurs.

Figure 3-8 shows major MORL resources (equipment, crewmen, crew skills,
subsystems, and so forth) which at one time or another during the simulated
mission caused experiments to be delayed. Other resources which never

caused a delay are not shown.

Reference to Figure 3-% indicates that crew skill shortages are the pre-
deminant cause of experiments waiting. Thus, an average of 5. 6 experi-
ments were waiting for a man with the skills of an electromechanical
technician to become available. By contrast, only 0. 75 experiments could

be classed as waiting for electrical power before they could get scheduled.

In addition to the skills of an electromechanical technician, medical
technician, meteorologist, and observer seem to be in short supply., For
these, the latter skill is particularily indicative of the limitations of a six-

man crew.

Within the context of this analysis, the observer skill does rot imply a parti-

cularly well trazined observer, merely somebody to observe or watch a
simple and uncomplicated instrument or phenomenon. Thus, all six crewmen

37
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EXPERIMENTS WAITING
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OPERATIONS ENGINEER

LIFE SCIENCES SPECIALIST

PHYSICAL SCIENCES SPECIALIST
MEDICAL DOCTOR
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ELECTRICAL MECHANICAL TECHNICIAN
OPTICAL TECHNICIAN

ELE [RICAL ENGINEER
PHYSIOLOGIST

MEDICAL TECHNICIAN
BIOTECHNOLOGY
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Figure 3-8. Average Number of Experiments Awaiting a Resource
(Effect of Resource Deficiencies Caused by Subsystem Failures Included)
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have the skills ¢i an observer. Therefore, the shortage of this particular
skill is an indicetion ot an cccasional shortage ¢f crewman or gross crew

time available for experimentation.

Figure 3-G furtier confirms the limiting effect of crew skills. This figure
shows the final delays caused by a given resource summed over all experi-
ments which were delayed by that resource. For instance, if Experiment A
is delayed twice, once for | hour and once for 2 hours, by a shortage of
power, ard Experiment B is delayed cnce for 10 hours. Figure 3-9 would
show a total delay of 1-1 + 1-2+ 1-10 = 13 experiment-hours chargeable to
power shortage. The unit of experiment-hours of delay is siimilar to man-
nours ard has been found to be a significant, although artificial measure of

the extent of delays caused by resource shortages.

It is interesting to note that the four crew skills mentioned above are once
again found to be the major contributors to experiment celays. It is also
important to note that one-hkalf of the tetal experiment-hours of delay charge-
able to the shortage of a men witl the electromechanical technician skill can

be ascribed to five experiments--No. 1243, 1247, 1619, 1634, and 2005.

This observation brings up the point that, in actuality, the MORL and its
Experiment Plan form a single system. Construction and optimization of this
system is one way of looking at the well-nnown experiment integraticn
proklem. However, recognition of this will also make it very clear that it is
not possikle to talk about the limitations of MORL wicthout taiking about the

limitations of the Experiment Plan.

For instance, inspection of the sxperiment briefs describing the above experi-
ments will indicz“e that the requirement for the electromechanical technician
skill is not an absolutely necessary one but is, in fact, somewhat arbitrary
and artificial. The limitation indicated by the results shown in Figure 3-9
may, therefore, be more properly assigned to the experiments rather than
the MORL. Conversely, the limitation may be best removed by experiment
redesign and not by alterations of the laboratory design. This is, of course,
not an infrequent case in experiment integration. It is useful to note, however,
that SPEED—type programs can readily pinpoint such experiments before their

redesiga becomes a difficult and expensive effort.
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SUMMED DELAY TIME (HGURS x 10,000)
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Figure 3-9. Relative Contrihution of Resource Deficiencies tp,ExpEriment Delays
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The identification of critical paths through the Experiment Plan is a further
example of limitations arising out of experiment design. Portions of the
Experiment Plan (those derived from the Appliczations Plan) have a PERT-
type network structure indicating logical predecessors and successors to
each experiment. This network (Figure 3-10) has been input to SPEED and

has been timelined without violation of the irnplied logical relationships.

As computed by the SPEED program, the critical path through the Appli-
cations Plan (that is, networked) portions of the Experiment Plan is defined
by the sequence of Experiments 1501, 501, 16061, 601, 1719, 719, and 769.
This sequence is concerned with the determination of space effects on IR ard
UV detectors, their cooling problems, and their eventual use in cameras. A
number of other experiment chains of nearly equal length exist. Rela>ation
of certain requirements contained in the experiment briefs could, therefore,
pos<ibly be used to shorten the logical minimum duration of this portion of

the experimental program by several thorsand hours of lapsed time.

3.2 NESPONSIVENESS OF THE MORL TO AN OBJECTIVE-ORIENTED
EXPERIMENTAL PROGRAM

As stated in Seéction 2.1, the MORL must be capable of supporting a highly

objective-oriented as well as a broad-based R&D oriented experirmental

program. Until the initial R&D missicn is completed, it is not feasible to

select objective-oriented experimental prcgrams for the MORL, except for

illustrative purposes.

To assesc the responsiveness of the MORL to an objective-oriented experi-
mental program, it was assumed that the objective selected would be the
evolution of all necessary techniques and instruments necessary to bring to

operational status a program of routine assistance to Fisheries Production.

It i5 to be noted that this objective definition carries the following connotaticns:

1. Cnly those experiments with a direct bearing on the stated objective
will be performed, that is, experiments with no clear relationship
to the objective will be excluded from the experimental program.

2. The expenmental program islimited in scope to the evolution of the
means and methods for giving operational assistance tc Fisheries
Production. Although this may include prototype operations with

.t '
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breadboard equipment, actual operational use of the means and
rmethods evolved by the orbiting research laboratory would be

implemented by cither manned or unmanned space stations, as
deemed appropriate at the right time.

e

Both of the above points may be taken as cornplementa:zy definitions of

l":‘i

objective -oriented experimental program. —

An experimental program oriented toward the objective of 1ssistance to

g

Fisheries Production has been defined within the «ceanography portion of the

Applications Plan discusscd in Reference 2. The program consists of

MJ‘

66 ~-meriments, all of which were relatzu in the PERT-type ..edecessor-

successor relationship shown in Figure 3-11. The experiment task levels

=

proceeded from the necessary applied research, through development tests -
of components and techniques, and their integraticn and design evaluation, to

an operational capability in the area of Fisheries Production.

To assess MORL responsiveness to an objective~oriented experimental pro-
gram, the entire network ~¥ 66 experiments was input to the SPEED program,

- The following evalnation criteria were used:

1. Efficient utilizaticn of laboratory resources. —
.- 2. Timely and rapid completion of the cxperimental pro—-ram.
e, 3. Identification of laboratory resources which adversely affect the .
:I efficient and ti:1ely corapletion of the experime=ut»l program.

4 The laboratory resource definitions were identical to thosec used to study the
- Experimental Plan. However, a crew complement of nine men (providing
60. 3 experimental man-hcurs/day as compared to 46 man-houzrs/day from
2 six-man crew) was assumed to provide more latitude in posiulating sk.ll

mixes for parametric study purposes.

~-:, As 1n the case of the broad-based R&D oriented Experimental Plan, the most g .

important laboratory rescurce was gross crew time and the crew skill mix. 2
, Three computer runs were made to study the skill combinations shown in ? 1
Tahle 3-3. L

|

- . |
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Teble 5-3

SKILi. CCMBINATIONS FOR THE FISHERIES PRODUCTION ORIENTED

EXPERIMENTAL PROGRAM

Men With Men With Men
Rur Oceanographer Srills Metec:ologist Skills Witn Other Skills
{Nc. iNo. ) {No.) (No.}
i 2 3 +
2 3 2 +
3 4 J *

The first skill combination ws selected on an intuitive basis by inspection ol
the experiments comprising the Fisheries Production Experiment Plan. The
other two combinatiors vere selected bv iterative review of SPEED outputs,
and evaluated by means of the three criteria stated above. The following

obser-aticns can be mad2 as a result of the three SPEED runs.

3.2.1 Utiiization of Laboratory Resources

Figures 3-12 to 3-14 show facility load factors for the three computer runs
simulating an experiment plan oriented toward development of operational
assistance to Fisheries Produciion. These figures are gnod indicators of the

complexity of the laboratory/experiment interface.

The utilization of the crewmen appears to follow the principle of equalizing
the workload on all the individuals. This is very desirable and is ccnsistent
with the view that a 'well designed facility must be equally utilized in all of its
major parameters. Specifically, this condition is shown by examining the
utilizations of Physical Scientists A and D (both oceanographers). In the first
run they exhibit utilizations of 85 and 82%, respectively, as seen in

Figure 3-12. As the skill of Physical Scientist C is changed from that of
meteorologist to that of oceanographer in Run 2 (Figure 3-13), the utilization
of Physical Scientist A remains unchanged while that of Physical Scientist D
only reduces to 77%. Thus, the addition of another oceanographer did not
reduce the work of the two original oceanographers greatly. In fact, the
utilization of the additional oceanographer was 77% in Run 2. This means
that replacing the meteorologist skill with that of an oceanographer resulted

in more oceanography tasks being accomplished earlier, rather than in a

45
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reduction in the utilization of the original two oceancgraphers. A significant
reduction (12%) in the time required to complete the experimental program

was aclkieved, as pointed out in Section 3. 2. 2.

As the ratio of oceanographers to meteorologists is shifted still farther, the
relative utilizations of all the crewmen become better balanced (see

Figare 3-14.)

The s ills of the crew in this latter run were therefore more consistent with
the needs of the Fisheries Production Program. The role of the metecrolo-
gist was simply overernphasized in the crew skill mix used for Run 2. The

results of the SPE'ZD scheduling philosophy easily pointed out this error and

indicated the meais of ccrrecting it.

Figures 3-15 to 3-17 illustrate the cffect cf varying the number of oceano-
graphers in the crew on the average utilization of specific skills rather than
crewman. As might be expected, the average number of nonutilized men
with the skill of an oceancgrapher increases as the number of oceanographers
in the crew increases. This, of course, indicates a decreasing shortage of
oceanographers. Figures 3-15 to 3-17 also indicate the reason for the
observed lack of variation .n the utilization of crewmen without oceanography
skills as the availability of this skill is increased. This reason is that the
only cross-coupling between Physical Scientisis A to E and other crew mem-
bers is in the skills of observer and general worker, thac is, these are tne

only skills oceanographers (physical scientists) share with other crewmen.

On the other hand, the average number of nonufilized men with the observer
and general worker skills is very high (about 2.1) and constant, regardless of
itne mumber of oceanographers on board, indicating a surplus rather than a
shcrtage of these skilis. Therefore, as more oceanographers are added,
there is no reason to use them in the oLzerver and the general worker mode.

Instead, they are used almost exclusively as oceanographers.

It is interesting to note that this would necessarily change if the availability
of observer and general worker skills is reduced in any way. One of these
ways is, of course, a decrease in the crew size from nine to six men.

Another way the availability of the above two skills would be reduced is to
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treat the nonscientific members of the crew as spccialisty devoted primarily

t0 station ope:ations and maintenance. ¥ or this somewhat unorthodox vie,

the nonscientific complemeant of the crew «.uld not necessarily be assigaed g
the skills of observer and peneral worker. As a consequence, jobs not

requiring special training would be carried out by che scientist in the crew.

Figures 3-18 to 3-20 couclude the sztudy of MORL resource utilization in an
experimental program to assist Fisheries Producrion, These figures show
monthly spiles of power utilizewon., It is to be noted that, although the

average power utilization did not change with an increase in the number of
ocvanographers on board, the tiniing of the pcwer peaks did. This is to be
expected as a result of the increased availability of oceanographers, which

allows the ecarlier start of some experiments. =

500 y
R S N S N
I CREW MIXTURc: —
_ (2 CCEANOGRAPHERS, 3 METEOROLOGISTS)
- 100 NOTE: .
= - MAXIMUM POWER AVAILABLE = 2,550 WATTS
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Figure 3-18. Electrical Power Consumption for Experiments - (a) R - LT
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3 2.2 Program Duration

Takle 3-- showe the variation of progrem duration as a functior of crew skill

mixes.

Table 3-4
EFFECT OF VARYING CREW SKILl MIXES ON PRCGRAM DURATION

Crew Program Duration
Run Oceanographers Meteorolog:sts (hours)
2 3 40, 299
2 3 2 35, 314
3 4 1 34,702

As indicaced, the increase from two to three oceanographers resulted in
speeding up the completicn of the 66 experiments by nearly half a year. An
increase from three to four oceanographers did not result in significant

reductions in program duration.

Perhaps an even more significani measure of the imiprovements achieved is a
comparison of actual program duration to ideal program duration. Ideal
program duration may be defined as the time required to complete all 66
experiments, provided that the experimental program is constrained only by
the PERT-type logical network of Figure 3-11, that is, if it is performed in

an orbital laboratory with infinitely large resources.

The ideal program duration was calculated for the three major subobjectives
necessary to render operational assistance to Fisheries Production. These
subobjectives are the ability to predict plankton concentration, plant con-

centration, and fish stock distribution.

As shown in Figure 3-21, actual program duration is only about one third
more than the idzal program duration. In a sense, itherefore, the MORL can
be considered to be about 75% as efficient in completing the 66 experimments

as an infinitely large orbiting research laboratoery.
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3.2.3 Assessment of MORL/E periment Interface Limitations

For the figure of merit of experimert-hours of delay developed in Section
3.1.6, the relative con.ribution of various MORL resources to delays in

completing the 66 experiments was studied. The results of this study ure
suminarized in Figures 2-22 to 3-24. As indicated above, the shortage of

occanographers is the predominant cause of the delays.

As the skills of meieorologist were transferred to those of oceanographer
prcgressively in Kuns a to ¢ (Figures 3-22 through 3-24) the hours of delay
in the performance of experiments, attributed to an unavailability of occeano-
graphers, are significantiy reduced. The delays caused by the absence cof a
meteorologist are not greatly increased even when the number of crewmen
with that skill is reduced to one. The skill mix used in Figure 3-24 is seen
to be most compatible with the requirements of the Fisheries Production
Program. Thus, as previously mentioned, the rrew skill mix is very sensi-

tive in its effects upen program duration and experiment-hours of delay.
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Section 4

SUBSYSTEM ACCOMMODATION OF MISSION REQUIREMENTS

4.1 INTRODUCTION

The purpose of the analyses presented in this sc¢ction is to determine the
degree tc which the baseline MORL system can accommodate those mission
requirements developed in Task II. The baseline MORL is defined in this
report as that design current at the end of the Phase 1la study. The mission
requirements consist of satisfactorily operating in a 200-nmi altitude, 53°
inclination crbit; a 200-nmi altitude, 900 inclination orbit; and a 19, 350-nmi,

28. 3° inclination orbit.

4.1.1 50° Inclination Mission

The subsystem modifications that must be made to the baseline MORL in
order to accommodate the low altitude missions are shown in Table 4-1. The
50° inclination mission requirements can be met by adding 165 1b of radiation
shield material to the top dome of the laboratory. This could be done by
increasing the effective aluminum thickness by 0. 02 in., thus providing
adequate shielding for én exposure of 1 year, including the dose received from

two major solar flare events.

4.1.2 Polar Mission

To accommodate the polar mission, three changes must be made to the
baseline MORL system as shown in Table 4-1: 1) The increased radiation
environment at this inclination requires an additional 1,820 1b of shielding
material. This is necessary to attenuate the dose received from a major
solar flare event to a value below the single dose allowed to the lens of the
eye and the crewmen's skin. The solar flare proton radiation is higher at
this inclination than at 53° because the shielding effect of the electromagnetic

field around the earth is minimal at 900 inclination. The 1,820 1b of shielding
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could be provided by adding 0.21, 0.39, and 0. 06 in. of polyethylene to the
laboratory bottom, cylindrical sides, and dome tcp respectively. 2) In order
to meet the navigation accuracy requirements at least one tracking opportun-
ity per orbit for three successive orbits, followed by a command opportunity
on the succeeding orbit is necessary. The two baseline ground tracking sites
at Cape Kennedy and Corpus Christi cannot provide this capability for the
polar mission. A third ground tracking network, probahly at Guaymas, must
be added which would not cnly satisfy the once per orbit tracking for three
successive orbit criteria out would also provide an addition 25% (7 min.) in
the average daily contact time. 3) The payload loss incurred by launcling
from Cape Kennedy with the attendant range safety restrictions reduces the
payload capability cf the Satursi IB and makes a Saturn V launch vehicle

necessary for this mission.

4.1.3 Synchronous Mission

Further analysis is required bcfore the baseline MORL could be specified for
use on a synchronous mission. The radiation shield weight required for this
mission is higher than previously reported. Variation in weight due to un-
certainties in the e¢lectron flux level at this altitude, is from 4,400 to
110,000 1b. The increase is caused by imprcvements in the calculation
techniques used here over those used in Phase [la. These changes are
discussed in detail in Section % of this report. The larger weight require-
ment may surpass the amount that could be considered on a Saturn V launch
(about 30,000 )b) and the thick material may cause installation and inter-
ference prcblems that must be ascertained. Several areas of study are

recommended to alleviate this problem and are also discussed in Section 6.

In addition to the foregoing conclusions concerning radiation shielding, three
other portions of the MORL system must be modified in order to accommodate

the synchroious mission:

1. The EC/LS radiator size must be reduced to account for the
reduced heat influx encountered at this altitude. This modification
could be easily accomplished by removing 13 of the 41 circum-
ferential radiator tubes. Failure to remove these tubes would
result in very cold fluid temperatures in the radiator tubes; this
would increase the pumping power required to an excessive value.
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2. The communications system must account for a 25-dB additional
space loss of the transmission signal magnitude at this great distaace.
To providz the recuired transmission bandwidth of this missioa, an
“-band system must be added to the MORL baselir . This S-band
system w uld be siruilar to the Apollo unified €. band systeun.

3. The Saturn V launch vehicle is required to. and can, place the MORL
into a synchronous mission without radiation protection. However,
the large radiation shield weight required surpasses the Satura V
capability, and other radiation shield measures as mentioned must
be taken.

Table 4-1 indicates that, except for the prohibitive radiation chield require-
ments for the synchronous mission, MORL subsystem modifications necessary
to accommodate the three specified missions are relatively minor. This
conclusion was not unexpected because ¢ { the original design requirements
imposad upon MORL. To meet the requirements of each portion of the
original mission a high degree of inherent {lexibiiity was essential. Conse-
guently, when new mission requiremenis weve imposed on the bascline

design, as defined in Phase Ila, it was found that the large mecjority of these
capabilities were already oresent; and the remainder could be achieved by

mincr rnod fications to existing designs.
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4.2 MIsSION DESCRIPTION ’

Mission requirements are discussed in Section 2 <f this report. Iu order to
satisfy these requirements and det=rmine the adequacy of MORL to respond
to more ambitious requirements, thr<e Earth orbits were investigated.
These included 50° and 90° inclination orbits in the low altitude range
(200 nmi) and a synchronous orbit at 19, 350 nmi altitude and 238. 3° inclina-
tion. The methods and vehicle chosen to achieve these orbits wers identical
to those discussed in Reference 3 and are summarized in the following
paragraphs:

1.  The 5aturn IB is adequate to place the MORL or its logistics vehicle

into a 200 nmi altitude, 50 inclination orbit.

2. The Saturn V will be used to place the MCRL or ite logistics vehicle
into a 200 nmi altitude polar orkit. The orbit plane rotation tech-
nique is recommended since it will result in adequate vayload with-
out infringing ou range safety boundaries. The southern launch gl
method is recommended for future study, however, because of the
high payload capability.

P

3. The Saturn V will place the MORLoor its logistics vehicle into the
24 -hour synchronous orbit at 28. 5~ inclination dependent upon a
solution to the radiation shield problem.

A summary of the sequence of events for the MORL and logistics vehicle -

launches are shown iu Tables 4-2 and 4-3, respectively.

4.2.1 500 Inclination Orbit

4.2.1.1 Laboratory Launch ‘ ‘ -

The laboratory will be launched vnmanned by a Saturn IB launch vehicle from

the Eastern Test Range at an inertial azimuth ﬁo'f\:M."ﬁg\ﬂnomvtrue North.

Figure 4-1 shows the instanta:ieous impact point (IIPj trace of a Saturn 1B

vehicle launched at this azimuth and flown without doglegging. A Saturn V

will cover the same general path; ‘however, the time histofy and staging -

points will vary slightly. The Saturn IR IIP will cross an inhabited land -
mass (France) approximately 10 sec prior to orbital injection. (The total

time to cross the European land mass will be betwecn 3 and 4 sec of burning. )

Therefore, State Department waivers will be required before this trajectory
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can actually be flown. The Saturn V will experience the same difficulties in
cbtaining range approval. It should be pointed out that the highly reliable
Delta vehicle has pr=vicusly cbtained range and State Department approvai

t5 make similar flights.

The first stage impact points for the Saturn IB and Saturn V la.nch vehicles
are in the broad ocean area. Tracking from Bermuda will yield complete
coverige of the injection point. Therefore, aside from the range safety
vwaivers, this trajectory presents no problem in achievin

the required 50

inclination.

Because it possesses sufficient payload capability, the Saturn IB is the
recommended laboratory launch vehicle. It must be used in the elliptic
injection mode tc place the laboratory and a minirnum amount of consumables
intc a 200 nmi or»it. A laboratory propeliant expenditure of 650 1b (lab Is =
285 sec) is required for the apogee injectivr impulse. The launch profile
wili be as follows:

1. The Saturn IB will rise vertically for 25 sec during which time the

. . . . ? . o
vehizle wiil be rolled to an inertial azimuth of 44. 5 measured from
true north.

2. After 25 sec, a pitch rate wi}ll be commanded for 10 sec following
which the vehicle will attempt to fly a zero angle of attack, gravity
turn trajectory.

3. At S-IVB burnout (approximately 620 sec from liftoff), the payload
will be at perigee (100 nmi) of an eliiptic orbit having an apogee of
200 nmi. (Note: The perigee altitude of the laboratory has rnot been
optimized for this study.) The expended S-IVB is separated and
retrofired away from the payload; the payload will then coast to
apogee.

4. After approximately 43 min. of coast, the laboratory reaction control
system is ignited and fires for 5. 15 min. to circularize the orbit at
200 nmi.

4.2.1.2 Rendezvous Profile

Although still utilizing the Gemini parallel plane technique, rendezvous
philosophy will be modified from that determined for the low inclination orbit
because of the significantly larger out-of-plane angles encountered. The

restriction of rendezvous within 24 hours after launch will be waived to keep
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the rendezvous prcpellant requirements within reasonable bounds. Figure
4-2 shows the out-of-plane angle and the corresponding instantaneous launch
azimuth required as a function of launch time for the parallel plane launch
technique. ilarth oblateness effects were not considered during the study for
two reasons: (1) the short duration of the study did not permit the inclusion of
st ccnd order effects, and(2) launch azimuth biasing techniques discussed in

Reference 3 can be applied to eliminate this problem.

The launch azimuth boundaries assunied for ETR are 40° and 108° measured
from true North. From Figure 4-2 it is obvious that range safety considera-
tions preclude a split Jaunch window, therefore, all rendezvous launches will
utilize northerly azimuths. In addition, to obtain an appreciable launch
window, large out-of-plane corrections are required. It is recommended
that the rendezvous launch window be restricted to that minimum time

commensurate with iaunch pad capabilities.

Tigure 4-3 illustrates the large payload penalties associated with long-
duration launch windows. It shows the fraction of vehicle payload required
as propellant to accomplish the rendezvous maneuvers as a function of launch
window. The zero launch window represents a coplanar situation, the only
rendezvous maneuvers requiring propellant expenditure are or_it circulari-
zation, braking, and docking. The launch profile consists of a parallel plane
launch into an elliptiz orbit with perigee at 87 nmi and apogee at 200 nmi,
followed by circalarization and rotation of the orbit and, finally, docking
with the laboratory. These sequences are more thoroughly described in
Reference 4. After the initial injection into orbit, all impulses will be
provided by the rendezvous propulsion system. The following is a break-

down of the velocity components required:

Requirement Velocity (fps)
Impulsive orbit circularization 194
Mechanization error pad 2490
Docking impulse 50
Impulsive plane rotation f (Launch window)

Error pad for plane rotation K [f(Launch window)] *

*In Figure 4-3, K factors of 0.1 and 0.01 are shown.

]
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F:. ure 4-3. Rendezvous Payload Loss as a Function of Launch Window

The summation of these components represents an estimate of the overall

rendezvous system impulse requiremeut. Figure 4-3 represents this impulse

in terms of payload fraction.

Figure 4-3 shows that a 10-min. launchwindow requires about 10% of the
Saturn launch vehicle payload in the initial ellintic orbit be in the form of
reandezvous propellant. To achieve the 2-hour launch window available

in the low inclination orbit, approximately 40% of the payload must be in the
form of rendezvous propellant. From these arguments, it is apparent that
the determining factor in arriving at a design launch window is to achieve a
sufficiently high probability of having a launch rather than providing for a
minimum time to rendezvous. This is the major deviation in rendezvous
philosophy from the low inclination mission. It is no longer possible to
guarantee a rendezvous within 24 hours after launch. From Figure 4-4 the
synodic period of a 200-nmi circular orhit and an 87/200 nmi elliptic orbit
can be determined as 2.5 days. Further, because some adjustments in the
catch-up orbit must be made before a full 360° of relative orbital travel, the
rendezvous vehicle will have to sustain itself in its various catch-up orbits

for about 2. 75 days.
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It should be noted that orbital regression resulting from Earth oblateness
affects the time ¢ { target plane passage thrcugh the launch site, causing it to
occur slightly earlier each day. The period of this motion is 59 days, result-
ing in rendezvous launch opportunities occurring for approximately 29 days

in daylight followed by equal period of night-time passages. (Day-night refers

to two cqual 12-hour periods without regard to seasonal variations.)

4.2.1.3 Abort Considerations

As stated earlier, the rendezvous launches must be along the northerly azi-
muths because of range safety restricrtions. This naturally mea s that impact
points will be possible in the North Atlantic in the event orf an abort during

the boost phase. This is a very severe enviromuent, particularly during

the winter months, and detailed operational plans have been rstablishiedto per-
mit rapid, reliable recoveryof downed crewmen. Operational plans arediscussed

in Reference 2.

Figure 4-1 shows that the vehicle IIP crosses the European continent. The

rendezvous propulsion system can generate more than enoughimpulse to inject

the Apollo into alow altitude orbitthat will permit recovery at scme presclec-

ted site under controlled conditions and preclude inadvertant impacts on land.

4, 2.2 Polar Orbit

4,2.2.1 Launch

Several Saturn boost profiles were investigated in an attempt to achieve a

polar orbit with a Cape Kennedy launch. These methods were as follows:

1. A two-dimensional, no dogleg, launch trajectory, thatis, launching
the vehicle at the proper azimuth to achieve polar orbit at burnout.

2. A launch at 44. 5° azimuth and commencing a northerly dogleg at
second stage ignition.

3. A launch at 44.5° azimuth and beginning the northerly dogleg when
the vehicle inertial velocity rcached 18, 000 fps.

4, Liunching into a low altitude orbit at 50° inclination (launch azimuth
= 44, 5°) and rotating the orbit plane at some subsequent nodal
crossing.

5. Launch at an azimuth of 146° and dogleg to the West after second
stage ignition, and then an easterly dogleg to bring the vehicle into
polar inclination.
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Figure 4-5 shows the percent of payload remaining as a function of orbit
inclination for the five lecliniques described above. It is immediately obvious
that method No. 3 cannotplace any payloadintoa polar orbitandmustbe elim- ;

inated from further consideration.

Utilizing the two-dimensional launchtrajectory describedin methed No. 1, the
vehicle mustbe launchedatan azirmuthof 187.° or 358°, measuredfrom true
notth. In either case, the launch vehicle will overtly populated areas shortly
after liftoff, anunacceptable violation of range saf >ty regulations. This condi-
tion canbe alleviated by shifting the launch site to WRT, where the 182° azimuth

flight pathis over water. Rarring this contingency, method No. 1is unacceptable. \

In method No, Z, IIP trace of a vehicle launched at a 44. 5° azimuth andbegin-
ning the dogleg maneuver tothe north at second stage igniticn is over densely
populated areas inthe United States and Canada during a large portion of the
powered flightphase. As shownby Figure 4-6, the orbit inclination achievedby
the trace was only 73, 5°, but the range safety problems appeared so prohibi-

tive that this technique wa< dropped from further consideration.
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PERCENT PAYLOAD IN ORBIT

Figure 4-5. Effect of Orbit Inclination on Payload %r a Variety of Launch Techniques (ETR Launch)
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Figure 4-b also shows a polar 2rbit giouaer crace obtained by launching at an
azimuth o 146° and doglegging to the west at second stage ignition. At first
inspection, it would appear that this itrajectory is unacceptable from a range
safety standpeint; however, it should be noted that this is rnerely a nominal
case and does not represent the best trajectory possible. Techniques such as
subranging anc .dogleg delays can shift the impact point trace so that only
Cuba and Panrama lie under the vehicle flight path. ILaunch trajectories of
this type have been flovn by Thor vehicles (Courier and Tircs Programs),
and ange safety waivers were obtained bui never exercised by the Iransit
prograrx. The favorable payload trade shown in Figure 4-, by using this
technique snould not be hurriedly dismissed at this time. .t shoald be noted
that this represents a nominal and not 2 design trade factor. Ferforming
some of the more exotic maneuvers will cause the paylcad factor to
decrease; however, it should still provide greater payload capability than

the orbit rlane rotation technique.

The last method investigated consisted of a launch into a low altitude circular
orbit inclined at 50° and then rotating the orbit plane in the viciniiv of a nodal
crossing. Figure 4-6 also shows the trace generated by this mission profile.
The fourth descending node was selected for tae orbit plane rotation maneuver
to permit monitoring ~f the injection point by the Ascension Islend rada-.
Because of the absence of signiticant range safety problems, this method of
achieving polar orbit from Cape Kernedy was selected as the primary mode
of operation. It is strongly urged that continued effort e applied toward
minimizing the overfly and 'IP pioblems associated with the 146° azimuth
trajectory because of the increaced payloal capabilities associated with that

launch mode.

The recommended mission prciile consists of launching a lully-loaded, three-
stage Saturn V and orienting the vehicle pitch plane at a 44. 5° azimuth. Aftex
completely burning th: propellants in the S-IC and S-1I stages and after
approximately 95 sec of burning on the S-IVB stage, the payload and the
partially loaded S-1VB -’11 be in a 100 nmi circular orbit inclined 50° to the
equator. The S-IVE burns at suhorbital velocities for 170 sec during the

nominal lunar mission. The 75-sec reduction in burn time in the polar

y
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mission profile should not impose¢ an: :inodification requiremenis on ‘he stage
or its subsystems. Therefore, this mission profile w-i. not present any

major launch vehicle problems.

After about 4. 75 hours of coast in the 100 nmi parking orbit, the S-IVB engine
will he restartecd and burned for an additioral 370 sec. During this thrust
phase, tlLe orbit plane will be rotated to 90 inclination and the laboratcry
placed in an elliptic orbit vith apogee at 200 nmi. After a 43-min. coast to

apogee, the laboratory reaction contrcl system will circularize the orbit.

‘ihis latter maneuver can be monitored from Kwaialein as indicated irn Figure 4-6.

4.2.2.2 Rendezvous Profile

The planar launch window for rendezvous in a polar orbhit is solely a {function
of the time of arrival of the rendezvous spacecraft at the fourth descending
ncde of the low altitude parking orbit. This assumes that the rendezvous
spacec~aft launch prcfile will closely parallel that of the laboratory. If the
launzlt and orbit profile of the roadezvous spacecraft is exactly identical to
that describec by the laboratory, the two orbit planes will be coplanar. Early
or late arrivals of the rendezvous spacecraft will produce planar separations,
but the final inclination of both orbits will b= the same. Note that this differs
from the parallel plane launch technique where variations in the inclination,
in other words, different launch azimuths, of the rendezvous orbit were

used to reduce the total out-of-plane angle. Figure 4-7 shows the out-of-
plane as a function of launch window achieved when only the Earth's rotation
relative to target orbit plane is considered. Once the chase vehicle has been
injected into its polar elliptic catch-up orbit, there are nc relative regression

effects to be considered.

The phasing portion of the rendezvous scheme will be identical to that
described for the 50° rendezvous profile. This enables the preparation of a

tabular input to determine the rendezvous velccity requirement.
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Requirement

Velocity (fps)

Impulsive orbit circularization 194

Mechanization error

Docking impulse

Impulsive plane rotation
Error pad for plane rotation

pad 240

50
f(Launch window)
K [f(l.aunch window)]

The summation of these quantities for each different value of launch window

represents the total rendezvous velocity requirement. Figure 4-8 shows the

percentage payload required for rendezvous propellant as a function of launch

window. Two K values are shown, 0.1 and 0.01. Note that for a 10-min.

launch window, approximately 13% of the Saturn payload must be in the form

of re~dezvous propellant.

To obtain a launch window of 1 hour requires that

about 40% of the payload be in the form of propellant. As in the case of the

500 orbit inclination, the rendezvous launch window must be selected on the

basis of reliability of achieving a launch rather than other trajectory
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mechanics considerations. Time did not permit an analysis of the time-line
sequencing of the rendezvous mission and a description of the tracking

requirements and capabilities.

4.2.3 Synchronous Orbit

4.2.3.1 Launch

The laboratory launch into a synchronous orbit inclined at 28, 3% to the
equator will be accomplished by a fully loaded three-stage Saturn V. The
vehicle will be launched unmanned at an azimuth of 90° from true North from
ETR. Following 129 sec of burning time on the S-IVB stage, the partially
expended stage and the payload arc injected into a 106 nmi circular parking

orbit.

After approximately 54 min. of coast in this orbit, the S-IVB is reignited and

injects the spacecraft into an elliptic orbit with apugec at 19, 370 nmi. The
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coast tirne was selected to position the laboratory on a meridian passing
through scuch Texas (98O west in this example). The coast time can be

varied to position the orbit around any desired longituce. Figure 4-9 shows
the coast time required inthe parking orbit toachieve anydesired longitudinal
position from an east launch from the ETR. Approximately 115,000 1b of
propellant are required for this impulse. Upon reaching the vicinity of apogee,
following 5. 25 hours of coast in the elliptic orbit, the J-2 engine on the S-IVB
is started again and circularizes the orbit at synchronous altitude; 41, 300 1b
of propellant are requirced fc. this maneuver. The Earth trace of this launch

profile is :hown in I'igure 4-10.

The initial S-IVB propellant loading includes that required for all burns, -
propellant vented overbcard resulting from boil-off effects, and 5% contingency
for fligtt performance reserves, propellant utilization, and trapped and

residual propellants. The latter is a conservative estimate, and :ifter a cer-

tain amoeunt cf flight experience with th> Saturn V, a 3% contingency factor is b
more likelr. This will result in a payload increase of about 3, 2C9 1b. |
80
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The mission profile described herein requires two restarts of the J-2 engine
on the S-IVB. The current lunar mission requires only cne restart. This
additional operational capability is well within the limitations of the hardware:
however, tankage increases in the ullage system will be necessary to handle
the additional propellant settling operation. This should prove to be a minor
modificaticn, and the greatly superior cutoff accuracies obtained through
S-IVB versus S-II orbital injection will be of tremendous benefit in controlling

the final orbital position of the laboratory and subsequent rendezvous missions.

An alternate mission profile requiring cniv one restart of the S-IVB can aiso
be utilized to achieve a synchronous orbit. Detailed trajectory analyses
required to determine the payloan trades that may exist were ot performed;
however, the final amounts of pa‘oad in svi:chronous orbit should be com-
parable. A Saturn V with ar .. o»saded S-IVB is launched due east from ETR.
At burnout of the S-II stage, the partially 1z: #~d S-IVB and the payload are in
a circular orbit at 100-nmi aitiiude inclined at 28. 3° o the equator. From

this point on, the two mission profiles are identical.

4.2.3.2 Rendezvous

After the laboratory is positioned in the synchronous orbit with all systems
operational, another Saturn V will be launched with a manned Apollo payload
capable of rendezvous with the laboratory. The nominal launch trajectory
for the rendezvous vehicle should be identical {o that of the laboratory.
Because the laboratory is in a synchronous orbit relative to a point on Earth
(and the launch site), the nominal laanch time (time of the day) for the

readezvous vehicle will be tla same as that of the laboratory.

The rendezvous module will correct all the errors incurred during the three
near-Earth powered flight phases: ground launch, boost intc parking orbit,
and injection into transfer orbit. Fcr this mission, the major error sources
are: (1) ground launch initiation time, (2) phasing orbit initiation time, that is,
variation in powered flight duration, and (3) ignition and burning time during
injection from the circular phasing orbit to the elliptic transfer orbit. A

sumraary of the probable timing deviaticns for the Saturn V vehicle and the



g

et Funered

‘M

resu'ting phase angle and out-of-plane angle deviations are shown in Table 4-4.
From this table, the effect of Earth oblateness is seen to be insignificant. In
the range »f interest, the phase and out-of-plane angle errors are linear func-
tions of the timing errors. Therefore, a ground launch window of 2 min., an
orbit injection variation of £1 sec, and a tctal transfer time variation of 8 sec
results in a final orbit that is inclined approximately 0. 12 to the laboratory's
orbit with the chaser either in front or behind the laboratory about 0. 68°. To
eliminate the possibility that the chaser will lead the laboratory at synchronous
orbit attainment, the transfer orbit injection wili be initiated approximately

10 sec earlier than normal. ' his biased launch sequence results in the Apollo

spacecraft lagging the laboratory by as much as 1. 74°.

Because of the phase angle error, the rendezvous vehicle will thrust until its
velocity is approximately 20 fps short of circular orbit velocity at syn-
chronous altitude for each degree of phase angle lag. After one revolution
(about 1 day) in this catch-up orbit, the phase lag has been corrected and a

braking and docking maneuver is initiated.

The out-of-plane angle error is corrected after the rendezvous craft transfers
to the catch-up orbit. This correction may be performed when the vehicle is
near a geometric latitude of either plus or minus Z8. 5°. A correction in the
Northern Hemisphere is recormmended to provide extra time for the ground
facilities to establish an accurate catch-up orbit ephemeris. This correction

requires a velocity expenditure of about 180 fps/degree out-of-picne angle,

Table 4-4
SYNCHRONOUS ORBIT LAUNMCH ERROR SUMMARY

Error Source (sec) Sensitivity (deg/sec) Error {(deg)
56 31
ot ot ] Ai
Ground launch: 60 0.00023 0.002 0.018 0.12
Orbit initiation: 1 0.062 0.091 0.062 0.001
Burning time: 8 0.075 0.000125 0.60 0.001
Total 0.68 0.12
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When the spacecraft reaches perigee of the catch-up orbit, a thrusting manewu-
ver is performed to adjust the ajpogee altitude, Assuming that the integrating
accelerometers provide a velocity cutoff accuracy of 0.1% for transfer from
the circular phasing orbit, an apogee altitude error of 80 nmi is possible.

At perigee of the catch-up orbit, the apogee altitude is corrected with a

velocity expenditure of 0. 11 fps/nmi of apogee altitude error.

After completing one revolution in the catch-up orbit, the Apollo spacecraft

is coplanar with the laboratory and at the same altitude. The two vehicles,
separated by no more than 100 nmi, are in radar contact. A braking
maneuver is then performed reducing the separation distance to 10 nmi and

the relative velocity to 10 fps. At completion of this operation, a docking
maneuver under visual control of the crew is performed. A summary of the
impulses pertinent to the rendezvous profile described are listed in Table 4-5.

The total velocity expenditure is 202 fps.

This rendezvous maneuver features the use of the S-IVBE stage as the prime l

propulsion unit during rendezvous, thereby utilizing to the utmost the superior
performance it affords. It should aiso be ..oted that a guidance mechanization
scheme had not been mentioned until the separation distance was reduced to
100 ami. It was assumed that grcund tracking and computer facilities will
provide all the inputs necessary to that point, and the internal guidance sys-

tem will accept these inputs in flying the vehicle.

Table 4-5
RENDEZVOUS VELOCITY REQUIRED FOR SYNCHRONOUS MISSION

Error Impulse (fps)

1. Fine adjustment into catchup orbit 20

2. Out-of-plane angle 22

3. Apogee altitude adjustment i0

4. Braking maneuver 100

5. Docking maneuver 50

Total 202
i
{
}
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4.3 SUBSYSTEM ANALYSIS

4. 3.1 Environmental Crntrol and Life Support System (EC/LS)

The alternate missions have a major effect on the thermal balance of the
EC/LS System. This balance is affected by changes in hcat received and
rejected by the EC/LS radiator at alternate orbit conditions. The primary

effect is caused by changes in the heat influx to the radiator.

The baseline £C/LE System was found adequate to handle changes in heat
influx enccuntered on the 50° and 90° low altitude missions. The influx
reduction encountered on the syrnchronous mission requires that the radiator
area be reduced to retain proper heat balance. This can be accomplished

simply by removing 13 of the 41 circumferential radiator tubes.

4.3.1,1 Description of the Baseline System

The EC/LS subsystem is composed of the following operational groups of

equipment:

Atmospheric supply.
Atmospheric purification.
Water management.

Waste management.
Compartment conditioning.
Cooling circuif,

Heating circuit,

Heat transport circuit.

O 0~ o W N =

Pumpdown circuit.

The total system function is to provide a proper atmosphere, adequaie heat
and ventilation, potable drinking water, efficient management of waste mate-
rial, and the means to remove and conserve the atmosphere from rortions
of the laboratory. The EC/LS system was designed nominally for a crew of
six, however, it can accommodate nine men with a negligible degradation in

performance.

87
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4.3.1.2 Mission Requirements~-Orbital Considerations

The primary functicn of the EC/LS system is to provide a habitable environ-
ment for the crew so that they can accomplisk the scphisticated experimental
programs required by the mission. A sccondary function iz to maintain a
suitable environment ior the operation and experimental equipment contained
within the laboratory. These functions are assumed not to change for the
three orbits considered; therefore, the system changes required to accom-

modate the diiferent missions can be expected to be minimal.

4.3.1.3 Subsystem Capabilities and Potential Changes

The baseline EC/LS system has the capability to accomplish the expanded
mission-required functions since these functions are assumed the same for
three orbits. The only equipment change required concerns the space radia-
tor for the syrnchronous mission. The . .ine radiator must be designed to
reject the total hcat generated within the laboratory plus the heat influx it
receives from the sun and the £arth. Average heat influxes for the three
missions are shown in Figure 4-11. The average indicates that the influx
distribution over the radiator surface was averaged to provide tune toral influx.
The heat influx encountered on the low altitude orbits is close to the radiator
design noint of 58. 5 Btu/hour-sqg ft, and no change is required. The average
influx for the synchronous missicn is seen to be 27. 5 Btu/hour-sq ft. This
large reduction must be accommodated by a change in the radiator area to
avoid excessively low radiator fluid temperatures. The radiator area can be
reduced to the value required for the synchronous missior by removing 13 of
the 4] circumferential tubes. The radiator parameters required for the

three missions are shown below:

Characteristic 50° and 90° Orbit Synchronous Orbit
Number of circumferential tubes 41 28
Tube spacing 2.9 in. 2.9 in.
Tube diameter 0.20 in. 0.20 in.
Radiator length 10.0 ft 6.7 ft
Radiator weight (tubes + fluid) 317 1o 216 1b

‘a
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Table 1.6
SCLAR CELL/BATTERY SYSTEM CHARACTERISTICS

Equipment or Characteristic

Type or
Magnitude

System
Average power
Overload power (1 hour/day)

Solar Cell Panel

Type

Solar cell type (and efficiency)
Power rating {4 panels)

Area

Battery
Type
Replacement period
Depth of discharge

Weight (1b)

Neliep
Nelie)

Oriented flat plate
Silicon N on P (11.25 %)
15.3 kW

1,870 sq ft

Secalzd silver cadmium
1 year
35 % nominal

Solar cell panel 1,216
Batteries 774
Deployment mechanism 48¢
Power conversion equipment 337
Miscellaneous 340
Total 3, 137

60 ~

—--ﬁ — mel am— -

\r POLAR ORBITI SUN NORMAL TO ORBITPLANE-:L}_
L Q EARTH G.m“

T et S AT PN L s s o

o~
=
}—
o \
< SUN IN CRBIT PLANE:
£ 50° INCLINATION————N D
% . I \/ i S
-~
i  SYNCHRONOUS *171 v
w0 < >
2 ' ~ L~
= N
BELLY-DOWN ORIENTATION M \
ag/eq = 0.20 ALBEDO = 0.35 ~
0 40 80 120 160
ORBIT POSITION (DEGREE)
Figure 4-11. Average Heat Influx to MORL Radiatoi Surfaces
iy . . y ’.I.I( . -

/]




4. 3.2 Electrica! Power System

The solar cell battery baseline system is the power system discussed in this
secticn. This svstem was changed to an Isotope Brayton cyvcle system mid-
way ‘n the stud,. and the effects of this change wil! be discussed in the Task
IV report. It should be pointed out, qowever, that the analyses of the experi-
ment loads required in this section and in Section 5.2 were not greatly

afiected by the power system supplied.

+.3.2.1 DBaseline Power System Description

Characteristics of the baseline sclar cell/battery power systems are sum-
marized in Table 4-6. The system consists of four electrically independent
solar cell panels, cach of which can be switched to operate with any of the
four battery/battery charger combinatiors. Any three solar cell panels and
any three patteries can fail, and i{he system can still provide the manned

emergency power requirement.

The inverters voltage regulators, and battery chargers are all conventional
devices. Al' o: the essential buses are redundant for maximum reliability.
Extensive displays and controls are provided for the crew to permit failure

analysis and alternate modes to bypass failed components.

The design requirements imposed upon the baseline MORL power source for

raw elect. .cal power (24 to 31 Vdc) may be summarized as follows:

Function Power (kW)
Housekeeping 3.77
Experiments 2.00

Subtotal 5.77
Reserve 0. 83
Total 6.6G

Gromemf

1
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Part of this raw power is used directly: the balance is converted to either
regulated dc (28 £ 0.5 V), or 4)0-cycle ac. Housekeeping loads ar. defined
to include all vehicle loads except 2xperiment and inclucdes about 790 W for

maintaining the ferry vehicles on standby.

The power requirement is 5.77 kW. Tle power source is rated at 6.6 kW

and provides a reserve of 0. 81 kW for growth and contingencies. Ifke power

output can be reduced to 1. 78 kW and sti.l permit continued manned occupancy -
of MORL. This is defined as the minimurm manned emergency power reguire-

ment.

Sorne of the experiments may reguire peak loads above the 6.6 kW average;

a representative power requirement during peak periods has been established -

at 9. 9 kW /for 1 hour once a day. A standby or emergency power source 1s K.
not required with the sclar cell/pattery primary power source because of the
inherent multiple redundancy and good partial power capability.

4.3.2.2 High Inclination Missions

Mission Requirements

The fuactions and requirements of the electrical power systermn were assumed
to bz the same as defined in MORL Phase Ila Report (Volume XVII, Electrical
Power). Briefly sumimarized, the function of the system is to generate, regu-
late, and distr:bute electrical power to the various MORL subsysterns, the
docked ferry vehicles, and experiments. These requirements are given in

Section 4. 3. 2. 1.

The housekeeping functions are defined to include all vehicle functions except

the experiments. There is presently no requirement for the 0. 83 kW rese.ve,
which is included for contingencies and growth of the housekeeping and experi-
ment loads. The high inclination missions are assumed to have the same load

profile as the baseline system, which is shown in Figure 4-12.
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Figure 4-12. Design Electrical Fower Load Profile

Subsystem Capability

The solar cell/battery system as defined above is suitable for the 50° and 90°
inclination missions with virtually no changes. The solar cell panel area
weight and the battery weight, which make up the bulk of the power system

weight, are unchanged.

Solar flux and trapped electrons and protons increase in intensity at higher
orbit inclinations. For 30- tc $0-day missions, the total integrated flux
from these particles has a negligible effect on the solar cell output. The
degradation of the solar cell output for even more extended periods is not a
serious problem. In a 5-year period, the solar cells will degrade 3. 5% and
4, 0% due to radiation for 500 and 900 inclinations, respectively. The degra-
dations, as well as temperature degradation at the higher inclinatior s, were

considered in the rystem design.
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4.3.2.3 Synchronous Miss.on

Miscion Requirements

The =ynchrcnous orbit is characterized by a favorable ligat/dark cycle for
a solar cell power system. For the .9, 350-nmi altitude Z8. 3° inclination
orbit, tne laboratory is in continuous surlight except for two (8-day periods/
year. Even in these unfavorable pericas the labeoratory is in darkness only

1. 2 nours/orbit and in light 22. 8 hours/orbit.

The electrical pcwer requirements between launch and synchronous orbit
injection would require a severe drain on the existing battery system because
of the 7-hour duration. The solar cell panel will not be deployed until orbit
injection because of the large g forces experienced during orbit injection.
The power denand during the transfer orbit will require approximately

100 1ib of silver-zinc batteries.

Subsystem Capability

While in the dark period, the battery system has a power capability of

3.5 kW at a 35% depth of discharge. The solar cell output during the light
portion of the orbit is 15. 3 kW. Of this, 3. 77 kW are required for house-
keeping loads, and 0. 35 kW are required for charging the battery. The
average power capability is then 14. 3 kW. The power during the dark portion
of the orbit could be increased by allowing a higher depth «f discharge on the
battery system. This would not have any deleterious effects because of the
low number of charge/discharge cycles per day (1 compared to 16 for the low
orbit missions). Solar flares and trapped electrons at a 19, 350-nmi altitude

will cause a negligible solar cell degradation for this mission.

4. 3.3 Stabilization and Control System

The baseline Stabilization and Control System (SCS) is adequatle to provide the
attitude control and orbit kceping functions necessary to accommodate the
three MORL missions of interest. The propellant consumption requirements
and control moment gyro (CMGQG) size requirements for the 90° inclination and

. . o - .
syuchronous missions are less than for the 50 mission; thus, adequate

. tapacity is retained with the baseline SCS.

i
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4.3.3.1 SCS Descrintion

The stabilization and contrel system is responsible for placing and maintaining
the laboratory in the orientaticn required by each event or phase in the mission
profile. A set of rate integrating gyros, aligned with the lc:cal vertical by an
Eartn horizen scanner, supplizs the basic attitude error information. Control
torques, needed to maneuver the laboratory or counteract dyramic disturb-
ances, are supplied by a set of four control moment gyrcs (CMG's). A
bipropeliant reaction control system (RCS) is used to periodically dump
momentum stored by the CMG's and to act as a backup attitude control actuator
in the event the CMG's are inoperative. This propulsion system is also used
to supply the energy needed to maintain altitude in the presence of aerodynamic

drag.
The major requirements imposed cn the SCS in the zero-g mode are associated
with these events or functions:

Injection into orbit.

Orbit keeping or orbit altitude maiintenance.

] waa———

1.
2.
3. Kendezvous and docking.
4.

Minimizing effects of exterral disturbances (aerodynamic drag and
and gravity torques).

Sclar cell panel orientation.

o

Counteracting the centrifuge torque.

Supporting experiment requirements.

4, 3.3.2 Orientation

For the first three mission events listed, the Belly Down orientation is used.

Thnis holds for all three mission trajectories. In the Belly Down orientation, P
the laboratory yaw axis is aligned with the local vertical, and the longitudinal

or roll axis is aligned in the orbit plane. For the fourth function, minimizing

effects of external disturbances, this orientation is again the best, at least for

the low altit.de orbits. =

For the synchronous orbit, aerodynamic and gravity gradient forces are reduced
to a negligible amount; orientation does nct have an important efiect on dynamic

disturbances.

o !

L)



Orientation requirements imposed by solar wanels generally conflict with
other functional requirements, particularly experiments. While the solar
pancls must obviously be pointed toward the Sun, the experiments may require
different poiating in any orientation. Gr.nerally, however, pointing toward
Earth surface objectives is required. The usc of gimbals on (he solar panel
mechanism allows both requirements to be satisfied with the laboratory in the
Belly Down orientation. However, during long periods in which no Earth-
pointing experiments are scheculed, it is recommended that the Roll Solar
orientation be used. In this orientation, the -X (roll) axis is pointed toward
the sun, and the yaw axis is constrained to lie in the orbit plane. This per-
mits the solar panels to remain fixed, eliminates solar panel shadowing, and

reduces the impingement of RCS exhaust products on the solar panels.

4. 3.3.3 Propetlant and Control Moment Gyrc Sizing

The effects of orientation on propellant consumption and CMC size are of
primary importance since these it2.ns constitute the major weight elements

in the SCS. Propellant consumption requirements may arise from both orbit
keeping and atritude control functions. However, with the Belly Down orienta-
tion, it is possible to apply the attitude control torque- so that the RCS engines
thrust along the velocity vector direction and subtract trom the orbit kez=ping
impulse requirement. These torques are needed when the CMG's reach the

limit of their momentum storage capability.

The orbit-keeping propellant requirement is a function of atmospheric density
which varies with the solar cycle, the altitude, and he laboratory position in
orbit relative to the diurnal bulge. Solar-cycle activity has the most important
~ffect. Table 4-7 shows the propellant and momentum storage requirements
for a typical configuration in a 50° inclination, 200 1mi altitude orbit and

illustrates the effect of atmospheric density variation as a iunction of time.

4, 3.3.4 Performance Requirements

As previously noted, the experiments impose the most difficult requirements
on the SCS. The laboratory acts essentially as an experiment mounting plat-
form and can provide various levels of contrcl depending on the operating mode.

This is discussad fully in Section 5. 3. 2.
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It can be concluded that the current SCS concept, which provides a basic
stabilization platform and requires precision experiments to supply their

own stabilized gimbal mounts (and, in some extreme cascs, their own atti-
tude and rate sensing as shown in Section 5.3}, is adequate to meet perform-
ance requirements impos.Jd by alternzte missions. The major impact of
alternate missjons is dependent on the number and types of experiments

chosen for the mission.

For pitch and yaw attitude control, only the aft firing pitch and yaw thrusters
are used. This method provides the addition of linear and angular impulse.
Thus, by activating one aft firing pitch engine, the pitch CMG can be desatura-
ted and, with no additional propecllant required, all or a portion of the orbit-
keeping impulse can be applied. If this puilosophy can be maintained, the
total propcliant required is equal to the larger of the two requirements, that
is, either orbit keeping or attitude control. For the baseline configuration,
the attitude control requirements are greater. If they are satisfied, adeq.ate
orbit-keeping capability is inhercent. Orbit-keeping propellant for a baseline
laboratory in a 90° orbit would be about 10% less than that shown in Table 4-7

because of decreased time in the diurnal-bulge region.

At synchronous altitudes, aerodynamic drag effects are negligible. Orbit-
keeping (station-keeping) propellant requirements arise from orbit perturba-
tions due to the sun, moon, and Earth. Those emanating from the Earth are
due to the triaxiality of the Earth mass and would result in an oscillatory east-
west drift of the satellite of up to 90° with a period of from 1 to 5 years if not
corrected. The propellant required to negate this distﬁrbing force is estimated
to be 0.5 1b per day. The Sun and Moon cause precession of the laboratory
orbit plane because the laboratory is not in an ecliptic orbit. If precise station
keeping is required, approximately 12 1b of propellant per day are needed to
counteract this effect. If it is not counteracted, the resulting change in orbit
inclination is about 1° per year. For synchronous altitudes, the SCS is over-
sized in terms of momentum stofa‘.ge capability because of reduced external
disturbance torques. P, vever, the use of a momentum storage system of
approximately the same size is recommended to eliminate the prepell: nt
requirement that would otherv;ise be needed for attitude control limit cycling

and maneuvering.
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4. 3.4 Communications System

The mission requirements imposed on the communications system wili ke
examined in this section. The experiment requirements will be discussed

in Section 5. 4. The baseline comimunications system was found to be ade-
quate to support the 50° inclination miszion requirements without change.

To accommodate the 90° inclination mission, a tracking site, probably at
Guaymas. must be added to the Laseline system {Cape Kennedy and Corpus
Christi) to provide ground-tracking capability for three consecutive orbits.
This requirement rust be fulfilled to meet the requisite navigation accuracies.
The synchronous miss‘on can be accommodated with the additioa of an S-band
rf system. This change is to provide proper bandwidth capability with the

additional 25 dB space loss encounter=d at this tiansmission distance.

4,3.4.1 System Description

The communications /telemetry and ground support systems consist of three

major functional groups:

1. Data Management Subsystem Group which performs the necessary
data collection, storage, and processing operations, This group is
composed of the following subsystems: T /M Data Acquisition, Tape
Recording, Facsimile, File, Central Data Procescing, and Data
Adapter. The characteristics of the T/M Data Acqu.sition, 1 ape
Recorder, and Comnputer Subsystems are listed in Tables 4-8, 4-9,
and 4-10, respectively.

2. RF Subsystems Group which implements the various information
exchange links (both ground a2nd space terminals). This group is
made up of the following subsystems: Telemetry, Voice Coinmunica-
tions, Television, Tracking Aid, Digital Command, Antenna, and
Film Projection/Scanner. T he characteristics of these subsystems
are sumn.arized in Table 4-11.

3. Ground Network which considers the location and number of ground
terminals. The baselin~ nctwork is composed of the Cape Kennedy
and Corpus Christi sites located at the following coordinates:

A. Cape Kennedy: Latitude.28°28 min. ; Longitude (E) 279°25 min.
B Corpus Christi: Latitude 27°39 min. ; Longitude (E) 262°27 min.

For the 50° inclination, 200 nmi mission, the baseline network results in the

5-day duty cycle given in Table 4-12.
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Table 4-8

MORL BASELINE DATA ACQUISITICN CHANNEL CHARACTERISTICS

Total Spare SaRrZ?;e lotal Spare
C v T . :
Channels Channels (Sa.nples,/ Min. ) Bits/Sec  Bits/Sec

Low-Rate Digital Channel
240 88 1 32 12
90 37 10 120 49
121 41 60 968 328
32 0 300 1,280 0
483 166 2,290 389
Medium-Rate Digital Channel--Mode A
1z 7 2,400 3,840 2,240
16 3 7,200 15, 360 2,880
28 10 19,200 5,120
Medium-Rate Digital Channel--Mode B
12 9 2,400 3, 84¢C 2,580
16 4 7,200 15,360 3,840
28 13 19,200 6,420

¥,
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Table 4-9

BASELINE DIGITAL TAPE RECORDER CHAFACTERISTICS

Low-Rate Medium-Rate

Recorder Recorder
Mode Continuous Intermittent
Tape width 1/2 in. 1/2 in.

Number of heads

Input rate

Record speed

Readback speed

Playback to record speed ratio
Tape length

Maximum record time

Bit density

Output rate

Full tape playback time

8

300 words/sec
15/32 in. /sec
15 in. /sec
32tol

2,400 ft

17. 1 hours

640 bpi

76, 800 bits /sec

32 min.

8

2,400 words /se
3.75 in. /sec

15 in. /sec

4 to 1

2,409 {t

128 min,

640 bri

76, 800 bits/sec

32 min.

c

e i

4. 3,4,2 Mission Requirements and Accommodations Analysis

Data Iv. anagement Subsystem Group

The collection, storage, and processing of data necessary for the mission

objectives has not significantly changed from the Phase Ila analysis. These

requirements are listed in Table 4-13.

The requirements imposed on this

subsystem group by experiments will be discussed ia Section 5. 4.

RF Subsystems Group

The important mission requirements imposed in the RF Subsystems Group

are relate i to the influence of orbital altiti

. on 17 link gain margins. For

the 50° inclination and 90O inclination missions, the orbital altitude is 200

nmi, which is the same as considered in Phase Ila for baseline systems

cdesign., Therefore, no change in requirements is imposed. However, for

the synchroncus mission, the additional communications distance (19, 3£0

nmi as compared to 1, 100-nmi maximum range fur the 200-nmi missior)

e of
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Table

4-10

BASELINE COMFUTER CHARACTERISTICS

Cguipment Type
or or
Characteristic Magnitude
Computer Stored program, genev:l rurpose,
serial fixed point, bi._asv;
Operating speed Add-subtract and multiply-divide
simultaneously
12,000 equivalent add-type operations
second,
Add time, accuracy 84 p sec, 26 bit,
Multiply time, 336 p sec, 24 bit,
accuracy
Divide time, 672 1 sec, 24 hit.
accuracy
Clock 500, 600 bp>, 35.7 kc memory

Storage Capacity

Input-output

Packaging

cycl> rate

8,192 twenty-six-bit words
(expandable 1n 4, 0%o-word sections
to 32, 768 words total).

External-computer programmed
1/0 control

Electrcnic page assemblies, two
4,096 -word memory assemblies

0
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Table 4-11

i:Y SUBSYSTEM CHARACTERISTICS

Subsvstem

Characteristics

Telemetry

Voice communications

Television

Tracking aid

Digital ccrmmand

Antenna

Film projection/scanner

Frovides frequency division multiplexing

and transmiseicn tc ground.

Provide two-way voice communications
between MORL and ground or logistics
vehicle.

Provides on-board and external observation
with three cameras and three monitors.
Prcovides black and white pictures at 30
frames per sec, 525 scan lines per frame,
500 elements per line, and a 4. 3 aspect ratio.

A UHF acquisition and beacon/command I
2 W transmitter in the 225-260 mc range.
A C-band transponder with peak output of
1,000 W which is compatible with FPQ-6, E

TPQ-18, FPS-16, and MSQ-26 radars.

Receives ground commands by a dual re-
ceiver operating in the 406 to 450 mc region.

Consists of VHF/UHF, S-band, and C-band
antennas.

Has the capability of in-flight fi’m projec-
tion and/or conversion to an analog signal.
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Table 4-12
BASELINE GRCUND NETWORK COVERAGE DUTY
CYCLE (5 DAYS) (page ! ©f Z)
Notes Crbit altitude = 200 nmi
Inclination angle = 30°
Minimum elevation angie = 5°

Crbit No. 1 starts at orbital altitude with latitude 28° 48 min.,

Longitude 86° 58 min.

Cape Corpnus Total Total
Kennedy Christi Redundant Nonredundant Usabple
Day Orbit {Min. ) {Min. ) (Min. ) {Min. ) (Min. )
1 1 3. 84 2.58 -——-- 6. 42 6. 42
2 -—— 4.9 -—-- 4. 90 4.9¢C
10 7. 35 -——- -—=- 7. 35 7. 35
11 6. 25 7.75 3.83 6. 25 10.08
12 ——— 3.92 -——-- 3.92 3.92
15 5. 33 1.75 1.33 4. 42 5.75
16 1. 92% -——- -—— 1. 92 1.92
Total 24, 69 20. 92 5.16 35.18 40. 34
2 16 0. 92 4. 25 0.92 3.33 4,25
17 5. 08% 3.42% 3. 42% 1. 66 5.08
18 ———- 3. 00 - 3.00 3.00
25 4. 92 -—-- ———- 4. 92 4.92
26 7. 58 7. 00 4. 33 5.92 1C. 25
27 ———- £.58 ———— 6. 58 6.58
30 5.58 -——— - 5. 58 5.58
31 3.17 5. 42 3.17 2,25 5.42
32 4. 50% 1. 25% 1. 25% 3.25 4.50
Total 31.75 30. 92 13.09 36. 49 49. 58
3 32 ———— 1. 67 ~——— 1. 67 1. 67
33 ——— 5. 25% - 5. 25 5.25
41 7. 67 3. 58 3.00 5.25 8. 25
42 5.25 7. 67 3.17 6. 58 9.75
43 -———- 0. 92 ———— 0.92 0.92
45 1. 35 ———— ———— 1.33 1.33
46 4.75 4, 17 2.83 3.25 6.08
47 2.33% 3.58 ———— 6. 41 6. 41
48 1.83 2. 42% 1.83 0. 59 2.42
Total 22. 66 29. 26 10. 83 21,28 42.08

*Continuation of preceding contact




Table 4-12 (page 2 of 2)

Notes Orbit altitude = 200 nmi
Inciination angle = 50°
Minimum elevation angle = 5°
Orbit No. 1 starts at orbital altitude with latitude 28° 48 min.,
Longitutde -80° 58 min.

Cape Corpus Total Total
Kennedy Christi Redundant Nonredundant Usable
Day Orhit (Min. ) (Min. ) (Min. ) {Min. ) (Man. )
4 48 2.33 1.75 1.75 0. 58 2.33
56 6. 42 -———- -———— 6. 42 6. 42
57 7. 17 7.50 4. 33 6. 0G 10,33
58 ——— 5. 67 -——- 5. 67 5. 67
€1 6. 00 ———— -—-- 6. V0 €. 00
62 2. 25% 5. 00 2.25 2,75 5.00
63 4. 83 2.33% 2.33 2. 50 4.83
Total 29, 50 22. 25 10. 66 29.92 40. 58
5 63 ——— 0.42 ——— 0.42 0. 42
64 ———- 5.33% -———— 5. 33 5.53 I
72 7.83 5. 67 4. 00 5.50 9.590
73 7.33 3.75 2.08 6. 92 9.00
76 3.92 ———— ———- 3.92 3.92 I
77 4.08 5. 58 3.75 2.17 5.92
78 3. 67% 2.83 ———— 6. 50 6. 50 .
79 ———— 3. 08% “——- 3. 08% 3. 08% §
Total 26. 83 26, 66 9. 83 33,84 43, 67
Crand E
Total: 136. 43 129,49 49, 57 166. 68 216.25

(RPN

*Continuation of prcceding contact
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imposes an additional 25 dB space loss. The ba=eline systen: cannot

accormmodate this additional loss.

Ground Network

1The basic parameter on which ground network accommodation of on-orbit
operational requirements is measured is the coverage duty cycle resulting
from the sites that comprise the network. The duty cycle characterizes the
npportunities and durations for tracking, conimand, telemetry, and voice
communication. It therefore has a significant influence on the ground support
systems capability to satisfy requirements relative to :iese factors. For the
50° inclination mission, the duty cycle factors resulting from the baseline

network are as follows:

1. Average usable contact time per day: 43. 25 min.

2. Average occultation period: 5 orbits.

3. Maximum occultation period: ¢ orbits.

4. Average number of successive orbit contacts: 3 orbits.
5

. Average contact duration: 5. 67 min.

For the polar mission the duty cycle factors are given in the {irst row
(baseline network) of Table 4-14. The requirements and the level of accom-

modation are as follows:

Cround tracking is the hasis of the baseline navigation philosophy. The net-
work requirement associ.ted with tracking is defined in terms of the iracking
duty cycle recessary to support the navigation accuracy requirements. The
various levels of operational navigation accuracy requirements were deter-
mined in Phase Ila and are repeated in Table 4-15. No change has been
indicated in these requirements. To satisfy these accuracies, considering
the baseline tracking and prediction capabiliiies, the following tracking duty

cycle requirements were impcsed:

1. At least one tracking opportunity per orbit for three successive orhits
2. A command opportunity on the succeeding orbir.

3. A succeeding occultation period of no greater than 13 orbits.

i

et
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Table 4-15
NAVIGATION SYSTEM REQUIREMENTS
(OPERATIONAL)
Mode Navigational
Maneuver Accuracy Required (nmi)
Rendezvous 10
Orbit keeping 1
Cargo module deorbit 50
Laboratory deorbit 50
Data capsule deorbit 2
Ferry-craft deorbit ) 2

| .

For the 50° inclination mission, the lattzr requirements are easily met if :
both bascline sites are considered (this implies that the back-up tracking '
capability proposed in Phase Ila for Corpus Christi be upgraded to primary

status).

The first two requirements indicate the necessity for coniacts on four
successive orbits. This precise requirement cannot be met by the baseline I _—

network. However, contacts by both sites during a single orbit occur fre-

P

quently enough to insure three tracking opportunities during two successive
orbits and a succeeding command opportunity. Additionaily, because the
average navigation accuracy between ground up-dates primarily is a function
of prediction filter inaccuracies rather than tracking inaccuracies, it is con-
cluded ihai the above method of insuring tracking opportunites will not reduce ¥
the average navigation accuracy, particularly when predicticn is necessary 5
for only an average of 5 orbits rather than the 13 indicated in Phase Ila.

Therefore, the baseline network is considered satisfactory relative to the

'
o it
.

tracking requirements for operational purposes.

Another network requirement is imposed by tracking, in other words a mini-

murmn acceptable contact duration above 5° elevation. A minimum satisfactory \
contact time is approximately 3 min. As indicated previously, the average 1
contact time for the baseline network is approximately 6 min. The individual i

coniaci times are shown 1n 'l'able «t-12. !

S
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Examination of Table 4-14 revealed that the baseline communications system
cannot fvlly accornodate the polar mission requirements. The average num-
ber of successive orbits in which tracking contacts can be made is only two,
one less than the requirement. The maximum period of occultation is six

orbits, which is satisfactcry since 13 are allowed.

Command

From a retwork point of view, thc primary tracking duty cycle considerations
also apply to command responsiveness. Ior one of the operationally imposed
command responsibilities (in other words, orbit-keeping comm... ds) the toler-
ance on command opportunity is relatively broad and shoula eas..y be satisfied
by the baseline network. DNavigation up-date digital data impose additional
network command requirements. The baseline responsiveness to this require-

ment was discussed above.

Telemetry

Telemetry dump opportunities sufficient to eliminate the possibility of PCM
tape overflow establish the primary network requirements caused by telemetry.
For continous recording (low-rate channel) at the prescribed record rate of
15/32 in. per sec for 2, 400 ft of tape, approximately 17 hours (11 orbits) of
recording time is possible. This establishes the maximum acceptable occul~
tation period and is within the capability of the baseline network. Dump time
required for the 2, 400 ft of tape, played back at a speed of 15 in. per sec, is

' 1it

32 min. Therefore, the network must fr¢

L= R e vy s ddaa

te at lecast 32 min. of dumping

time every 17 hours or 45 min. per day.

As shown previouslv, the average dumip time per day for the 50° mission
afforded by the baseline network is 43.25 min. which, although close, is
not sufficient. For the polar case, the dump time per day is only 28 min.

which, of course, cannot accommodate the above requirements.

. ‘
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Voice Communication

The most important network factor relative to voice communication is the

number of contact opportunities availahle.

No specific requirement bas bee:

established. However, for emergency situations it is desirable to have at

least one contact per orbit. This is not possible with the baseline network,

which facilitates a one contact per orbit situation for only an average of three

out of every eight orbits. Phase Ila prescribed an emergency nontracking

network composed of MSFN stations. A similar network was derived for the

o . . . ..
50" inclination mission as follows:

The orbits on which contact can be made for each MSFN ground station are

indicated by an X in Table 4-16. Those orbits covered by the baseline systern

(Cape Kenredy and Corpus Christi) were assumed accounted for and

eliminated. These were orbits 1, 2, 10, '1, 12, 15 through 18, 25 26, 27,

and 30 through 33 as shown in Table 4-16.

covered by activating more ground stations as shown.,

The remaining 21 orbits can be

The more important

stations are li-ted below .vith the orbit coverage for emergency

cormrmunications.

Number of

Orbits % of the
Ciround Stations in Addition to Baseline Covered 21 Orbits
Hlawaii 11 539%
Canary Islands 3 38%
K ano 9 439,
Hawaii + Canary Islands 18 86%
Hawaii + Kano 16 76%
liawaii + Canary Islands + Kano 20 95%

It is noted that relatively few sites are required for emergency purposes.

4.3.4.3 Syste:n Modifications

As discussed earlier, no new mission requirements are imposed on the Data

Manageinent Group. Therefore, no modifications are considered here.

All

[

oited  Pewed

- |



e

I

r

R S,

Table 4-16

EMERGENCY VOICE STATIONS ORBIT COVERAGE

Legend X

®
®

Voice contact

Indicates opportunities for the most logical additional sites.

Single identified nesd for Bermuda.

Orbit

Cape
Kennedy

Corpus
Christi

Canary
Island

Hawaii

Kano

Bermuda

OO UTHR WN —

X

X
X

e laly

N

e X

X
X

XA

<Eokole

LR e

> & X

:

e w—

Guaymas

Muchea

A

R |

"X

o

X
X
X

X

M X
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g
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ch_nzes 10 the baseline Data Management Group are discussecd in Section 5.4.
“or the f grcup, *he only required modification of the baseline system is : r
the svnchronous case. The synchronous mission is unigque frora the others
considered in i:s implications on the communications/telemetry and ground

suppcrt systems.

The increascd orbital altitude (19,350 nmi as compared to 200 nmi) increases
th. rf propagation icse by aporoximately 25 dE, which ¢l.viates the use of
oiuikidirectionai vehiclie antiuna. On the basis of (ntegration and operational
complexity, the numb:er of directional antennae which would be necessitated
by the baseline rf subsystem configuration indicates the nced for a unified rf
carrier concept to permit a single antenna. A systein operating at least at
S-band is desirable Loth from the standpoint of antenna size and because NASA
ground terminals for the Apcilo unifiea S-band system exist. An adaptation

of this system (primarily modifications to the vehicle system) is therefore

propcsed for the MORL synchronous mission.

Ground sites identifi. i for urnified S-band systems are:

1. Cape Xennedy.

2. Antigua.

3. Ascensioun Islands.
4. Bermuda.

5. Cernarvon.

6. Hawail.

7. Guaymas:

8. Guam.

Although a large number of sites are available, only one site is required to
support the on-orbit asp«cts of the MORL mission because a single ground
site can provide continuous coverage of a vehicle at synchronous altitude
(assuming, of course, that the subsatellite point is reasonably stable and
properly oriented relative to the site). Aside from the advantages of
-requiring only one ground site, the implication of relative positional
stability on voice communications, telemetry, and tracking are obvious

particularly if the unified rf carrier concept is used. Time-sharing of the

112




radio bandwidth for the various links, taken separately or in selected groups.
is fcasiple. Thus, for instance, the raiio bandwidth could be used entirely
for high gu.«; *v TV or the transmission of the analog representction of high
resolution pho. gra~hs (assuming the necessary film scanner resolution is
available). Alterratively, the same bandwidth could be used for extremely
high bit rate pulse code modulation. This, however, assumes ithe availability
of sufficient readout speeds for the TLM steorage device or frequently multi-
plexing the outputs of a large nuwmnber of relatively slow readout storage
devices, like tape recorders, onto subcarriers. Continuous tracking over a
relatively long period of time with the atiendant improvement in ephemeris

accuracy is possible, again within the same bandwidth.

The possible improvement in system responsiveness is highlighted in the

following arzas:

1. RF subsystems group.
2. Ground network.

3. Data storage.

Table 4-17 indicates the duty cycle factors for several expanded networks

for the 50° inclination missioi. It can be seen that the Ken-1ex-Haw network
(firsr row) satisfies all of the operational requirements. For the polar
mission, this network is not satisfactory (see Table 4-14, row 2) and,
therefore, the further network expansion (for example, Guaymas) is necessary
for the accornmodation of operational requirements. Further network

evaluation is necessary to result in an optimum corfiguration.

4.3.5 Structures/Configuration System

The baseline structure was examined and found to be adequate to withstand
the loads pre-ent on ail three missions. Some minor configuration changes
are required for the MORL to be compatible with the polar and synchronous
missions. These changes are in the hangar section and are designed to make

the MORL compatible with the logistics system attach method.

113
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Radiation shielding must be added for all three missions. 71he shield require-
ments for the 50° zid 9U° inciination orbits can be accommedated by mncreas-
ing the gage of the niaterial in certain areas or by adding pelyethylene to the
basic structure. The shield requirements for the synchronous mission are
evxcessive (greater than 20 tons) and cannot be accommodated with the present

MORL concept.
4.3.5.1 Configuration/Structures Description

Configuration

The baseline laboratcry external and internal configuration was defined in
Phase Ila, Volurne XI, Laboratory Configuration and Interiors, Report No.
SM-46082, and is shown in Figure 4-13.

The configuration tasically consists of two floors and a hangar deck within the
pressure shell. [he top floor is used as the living quarters, the bottom floor
for experimentatior. and vehicle operation, and the hangar deck for storage
and deployment of experimental equipment. The hangar also contains

an experimental airloclt aad other equipment necessary for space

experimentation.

Structure

The structure consists of thres principal elements as shown in Figurc 4-14;
(1) an external load-carrying shell that also snprlics metecroid penetration
protection, (2) a2 pressure shell with common bulkhead that separates the
laboratory iuis two separate pressure areas, and (3) the internal support

structure that integrates the consoles, partitions, floors, and ceilings.
4.3.5.2 Configuration Analysis

50° Inclination, 200-nmi Mission

The launch and orbit configurations for the 50° inclination orbit missions are
shown in Figure 4-15. On the 50~ inclination mission, the laboratory is

launched unmanned by an S-1IB booster. A combination Apollo/cargo module
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logistics vehicle is used to man the MORL. The Apollo must be fitted with 2 ]
arvice pack to ailow d..rbit and Earth return of the 4pollo. Three logistics l

craft are requtred for a MORL crew of nine men.

Polar Inclination, 200-nmi Orbit Mission

The launch and orbit configurations for the polar orbit mission are shown in

Figare 4-16. On this mission the laboratory is launchcd unmamied by a -
Saturn V. The logistics system necessary for the 50° inclination orbit is

used to man the MORL in polar orbit. The MORL orbit configuration may

range from three to nine men, depending upon the mission requirements,

without causing a change to the baseline MORL vehicle configuraticn.

Synchronous Orbit, 28° Inclination Mission

The launch and orbit configurations for the synchronous mission are shown in
Figure 4-16. This mission also uses a Saturn V booster. It is launched
unmanned and is manned by an Apolly/service module logistics vehicle. The
Apollo service module is necessary to provide the thrust for deorbit and
return of the crew from synchronous altitude. The MORL docking, cargo
module stowage, and cargo handling systems must be revised to be compat-
ible with the Apollo service module. The revisions will be restricted -
primarily to the hangar region, where the cargo module stowage arms must
be changed to support the service module and the cargo pressure hatches
must be revised. The method of delivering cargo to the MORL is similar to
the baseline MORL system. With this system, changes to the MORL pressure

hatches are minimized. The logistics system candidates are discussed in

- Section 4. 4.

The internal configuration of the MORL is satisfactory for this miscion. The
increased altitude of a synchronous orbit will probably increase the size of
individual sensors to achieve the same relative resolutions of a lower
(200-nmi) altitude. This will require revisions to the sensor installation

structure and thermal radiator locaticns.
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4,3.5.3 Structure Analysis

Radiation &0 p_lr]ir.g

The requirements for radiation shielding are fully developed in Secticn 6.
The required shield thicknesses that musi te added to the baseline structure
vary according to tlic selected mission durauion, source criteria considered,
and many other parameters The ranges f thicknesses of shield material
required (polyethylene) are summarized in Figure 4-17. Also shown are the
shield locations, including *hose fur a potential biowell area. The shield
thicknesses required for the twc¢ Tow altitude missions are moderate (less

than 0. 67 in. ) while those for the synchronous mission are quite large (1,4

to greater than 10-in. thick).

A‘—] ”,/’Tz par
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» P
f—H_ \
7 B Bl
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RADIATION SHIELL THICKNESS - IN. *
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200 NMI 057 | 03 | o0& | 03
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Figure 4-17. Shield Thickness Ranges
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Structural changes would be required in the launch load carrying members
and the dome :tself in order to support the large weights required. This
thick material woula also cause interference problems with sensors, RS
engines, eiectrical and otiner lines and fittings, and portaics and optical
elements. In addiiion, certain functions such as leak detection and radiator
repair mayv be hinderea. The problems incurred by adding large shield
thickresses appear to be formidable; however, when takea one at a time, they
can probably se surmounted. Prior to this efiort, however, the shielding
philosophy must he better detined. Other .acans must be considered io
reduce the large shield weights required for the resultant problems identified;

then a more meaningful assessment of the siructures design can be made.

Meteoroid Shielding

The bas~line structure system will provide adequate meteoroid protection for
the three missions. This protection is prcvided by the structural material
surrcunding the pressure vessel and by ine shielding effects of the Earth
itself. For a l-year exposure, the probability of receiving zero punctures
was determined to be 0. 994G for the two low altitude missions and 0.9921

for the synchronous missic...

The penetration flux defined by NASA was

-10 ¢ -3

¢p =4 x 10 penetrations/sq ft-day

where t = effective thickness in in.

In Reference 5, this flux was determined for each major portion of the labora-

tory structure and then integrated over the entire structure; the average

value of penetrations per year, ¢ , was foun: to be 5. 14 x 10-3.

The Poisson distribution was used to relate the probability of receiving r

punctures to the average amount of punctures as follows:

e
P(r) = re

L |




e |

R T —

-~y

fovom

where r = number cf penetrations

¢ = average number of penetrations per year

. . - - -3 . e yiq-
Evaluating this equation fer r = 0 and ¢ - 5. 14 x 10 7 yields a probability of
0.9949 of receiving zero punctures in a l-year cxposure at the 260-nmi

altitude.

For synchronous altitude the shielding «.f the Earth is reduced as shown in
Figure 4-18. The Earth-shielding factor (SF) i> defined as

1 + cosé6

SE = 5

where fis ar shovwn in Figure 4-18

R
R+h

9= sin”

and R = Earth radius

h = satellite altitude

Tne resultant shielding factor is 0.65 for 200-nmi and 0. 929 for 19, 350-nmi
(synchronous) altitu<e. The average amount of penetrations, ¢ , must be
modified by this factor; thus, € for a synchronous missicn is 7.91 x 10"3
penetrations per year average. The probability of receiving zero punctures
in 1 year on the synchronous mission is then, P (o) = e’ 91 x 10-3

= 0.9921. The baseline structure will provide adequate meteoroid shielding

for all three miissions.
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4.4 LOGISTICS SYSTEM

Several logistics system candidates were examined for each of the three

MORL missions. The follewing are recommenrded:

I.

8%

- A0 . . .
537 Inclination Mission--S-1IB launched Apollo command module,
service pack, and multimission module.

Polar Mission--5-V launched Apollo (Apollo command module,
service ; ack, and multimission module).

Svnchroneas Mission--5S-V launched Modified Apolic (Apollo com:-
mand and service module, and multimission module).

All were chosen for thelr superior cargo-carrying capability. Table 4-18

prescnts a summary comparison of those systems examined.

4.4.1

The mission regquirements that must be satisfied by the logistics system are

I.ogistics System Requiremnents

(1) to support the six-man MORL on a 90-d., resupply schedule {(2) the

crew must be rotatced toc ensure an average tour of duty of 180 duys, and

(3) the cargo capability m.i5t be about 10, 000 1b/flight. This was determined

by examining the experiment requirements dictated by the Experiment Plan

plus the othicr consumables needed, such as crew requirements, RCS/SCS

propellant, spares and so forth. The experiment weight requirements for

o . . . . . : )
the 50~ mission, obtained directly from the Experiment Plan, are shown in

Figure 4-19. A large initial block of experiment weight must be lifted,

about 15,000 1b during the 1st month, and then a very modest amount m:.nthly

thereafter. The monthly consumable requirements for all three missions

are shown in Figure 4-20. The requirement for the 50° inclination mission

is 1,850 1b/month.

The manning concept retained from Phase Ila requires that three 3-man

Apollo flights be made in the first 45-day p2riod. The first launch is to

activate and check out the laboratory; the next two, about 45 ways later, are

to rotate the checkout crew and fully man the laboratory.

cesupply follows at regular 90-day intervals. The total logistics weight

required on these flights, including the requirements for 150-days' house-

keeping supplies, approximately 1,500 1b of initial spares, and the

Crew rotation and
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experimental gear required in the first CJ-days is 26, 000 1b. Less than

9, 000 1b/flight will be required for the 50° inclination mission.

The cargo requirernents for the remainder of the flights for the 50° inclina-
tion mission are less (about 6, 000 ik), but 10, 000 1b will be used as the
design number to allow for growth. The experiment cargo requirements for
the polar and synchronous missions are not so sclf-evident since experiment
requirements for these missions have not been developed. The consumable
requirerents for these latter missions are shown in Figure 4-20. They are
1, 850 1b/month and 1, 580 1b/month for the polar and synchronous missions,
respectively. In the absence of the experiment weight required for these
two missions, the same requirement as determined for the 50° inclination

mission will be used, namely 10, 000 1b/flight.

4. 4.2 Logistics Systermn Candidates

As shown in Figure 4-21, four basic configurations were evolved during the
study:
1. AES-Derived Logistics Vehicle--Apollo Extension Systems
command and service modules modified for the logistics mission.

2. .apollo CSM-Derived Logistics Vehicle--Block II Apollo command
and service modules utilizing Modified Apollo Logistics Spacecraft
{(MODAP) rnodific tions, with service propulsion system removed.

3. Baseline Apoilo Logistics Vehicle--MORIL Phase Ila logistics
vehicle (Apollo command module, service pack, and multimission
module) modified as requirea for the new laboratory missions.

4. Modified Apollo Logistics Vehicle--Block II Apollo command and
service modules (with minimal modifications for the logistics
mission) plus a MORL multimission module suspended from the
aft end of the service module.

The particular combinations of logistics vehicle, launch vehicle, and launch

azimuth studied for each mission are shown in Table 4-19,

As indicated, the synchronous orbit logistics vehicle utilizes the Saturn V
launch vehicle and the Apollo service module. The latter is required to

deorbit the command module. Therefore, cargo must be carried ina separate
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cargo module, such as the multimission module (MMM) configured in
Phase Ila. The MMM is, in this case, housed within the LEM fairing.
Rendezvous i« accomplished by use of the MMM RCS and the Apollo SM RCS.

The polar~orbit logistics vehicle could be identical to the synchrenous-orbit
logistics vehicle. An alternative apprcach would utilize the service pack (SP)
evolved during FhLase Ila as the functional equivalent of ike service module,
In this case, the MMM would be located between the SP and a fairing on the

Saturu laurnch vehicle,

Additional candidates for the polar logistics mission are afforded by the
introduction of two-stage Saturn V's into the study. However, because no
other missions could be identified for these configurations, they are not
favored at this time. It is interesting to note that the MORL baseline logistics
system (the Saturn IB-launched Apollo CM/SP/MMM spacecraft) offers
adequate capability to serve as a crew=~carrier into polar orbit. It may be
advantageous to use it in combination with a Saturn V launched logistics

vehicle to reduce the usage of the latter.

As a first step in the selection of a logistics system, several logistics
vehicle concepts were configured for the three laboratory missions. The

main limitations on concept selection were as follows:

1. Only Saturn IB, S-IC/S-1I, and Saturn V launch vehicles were
considered.

2. Only combined ferry/resupply logistics missions were considered.
(Potential alternatives could have been separate systems for
laboratory consumable resupply and for ferrying crew members,
and combined ferry/resupply systems supplemented by pure ferry
systems. )

Use of Apoilo and Apollo-derivative AES systems was emphasized.

4. Modifications to Apollo systerns were held to a minimum commen-
surate with the mission.

5. Only three-man Apollo command modules were considered.

In order to provide return capability at all times for the entire
crew, two Apollo command modules must always be present on the
laboratory and stowed in a manner so as to leave the hanger/test
area clear for cther uses.
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4.4.3 The 50° Inclination Mission

4.4.3,1 Mission Profile Effects

The mission profile requires that the logistics veicle provide all impulses
aiter the Saturn IR injects the spacecraft in*> the 067-nmi x 209-nmi transfer
orbit. Thus, the logistics vehicle propulsion sysiems must furnish orbit

circularization, rendezvous, and docking velocity.

The exact velocity required for the plane rotarion maneuver during rendez-
vous was described in Scction 4.2 as a function of the launch window. For
two of the specific logiscics vehicles configured, the effect of prolonging
the launch window on cargo capability is graphically demonstrated by
Figure 4-22. From knowledge of the Saturn IB launch operations capability

and the above data, the maximuwr launch window was set at & mi...

RENDEZVOUSWITS 1.5 2 * A 200 NMI - 50° INCLINATION ORBIT
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Figure 4-22. Cargo Penaity as a Function of Launch Window
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As pointed out in Section 4, 2, rendezvous may trke almost 3 days, instead

ot the previous Phase Ila guarantee of less than <4 hours. This impcses new

requirements for the logistics vehicle's electrical power and environmental

controi/life support systems.

The command module must be given recughly a 550-{ps deorbit irapulse to
return the crew to Earth. This impulse wiil be imparted by either the
service module main propulsion unit or by a solid propellant retropack. Any

unmarred nii--dules must te furnishea 190-fps deorbit impulse for destructive

4.4.3.2 S-IB/AES-Derived Logistics Vehicle

This concept makes maximum usage of the components and subsystems cof
the Apollo Extension-Systems (also referred to as Extended Apollo Systems
or Apollo X) as defined by Reference 6, and utilizes these AES subsystems
with an absolute mimmmum of modification. Therefore, some of the sub-
systemns retained as defined for the AES 3-mar, 45-day Earth-orbit mission
have more capacity and/or are over-desigred fuo.- the 3-man, 3-day logistics
mission. For example, the life support system is designed for 135 man-
days of orbital operations with a two-gas (OZ’ NZ) atmosph~re. Plumbing
and tankage changes in the service module alone result ‘n more thar 300 ib
of changes over the Block II system. The logistics vekicle requires only
nine man-days of a one-gas atmosphere, a reguirement much closer to the

Block II system than to the AES.

This configuration retains the 21, 900~1b thrust service prooulsion system
(SPS) for macrorendezvous and deorbit imipulse, The SM 10G-1b thrust RCS

engines provide microrendezvous and docking iinpulse.

A potential configuration is shown in Figure 4~23. Jt utiliz’ s a turee-man
Apollo Block II command and service module (CSM) modified for the AES
mission and then remodified for the logistics mission. A LEM adapter is
used as a fairing from the S-IVB to the service module. The fairing ciam-
shells open and the logistics vehicle thrusts away from it and the expended

S-IVB at the first rendezvous maneuver,

.
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The major changes in the Block II Apollo for conversion to a three-man,

4+5-day Earth-orbiting AES space station are given Lelow (Reference 6.

Volume 2, page 6):

to

($1}

(o

Add a two-gas atmosphere and trace contaminant control.
Add 2 fuel cells and 45-day reactant storage n the service module.

Add environmental control system anc 135> man-day cryogenic
storage in the service module,

Add two C-band transponders to the communications system for
ground tracking.

R.place the service modulie main produision tanks witn small tanks.

Add redundancies to meet 45-day Earth mission reliability goals.

A logistics version of the AES can make do with iaost of these mod.fications

even though they may be redundant or excessive for the mission. One

meodification that cannot te used is the addition of fuel cells since the fuel-

cell system must be replaced by batteries. Cryogenic reactant storage for

u» to 6-months staytime in space appears impractical. Also, einergency

evacuatiocn of MORL requires a power source with a short reaction time,

which is difficult to achieve with fuel cells.

Several additional modificationis are necessary to adapt the AES to the

logistics mission. The modificatiors shown in Reference 9, (pages 10l and

102) appear to be the minimum required to adapt the AES command module

to the MORL logistics mission.

With this concept, the service module must be modified to carry solid and

liquid cargo. Similar modifications were thoroughly examined and reported

in Reference 7. MODAP-type modifications that must be made to the ser-

vice module include the following (Reference 17, page 58):

1.

2.

Structure--Add cargo doors, liquid storage bottles, and web
reinforcements.

Electric power--Replace Apollo fuel cells with batteries for three-
day ascent and two-day descent mission phases (orbital storage
power furnished by MORL). Requires minor modification to power
distribution system.

e |
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3. Envirommental control life support--Replace water-giycol «<lrcuit
r o y
with water tanks and add oxygen supply tanke (water and oxvgen
previously furnishea by fuel-cell systern’.

4. Propulsion--Replace service module main propulsion tanks with
smaller tanks and modi. plumbing and pressurization equipment
accordingly.

5. Instrumentation--Remove I.LEM monitoring instrumentation.

The MODAP solid-cargo transfer techniques that must be used with a modi-
fied service module are not compatible with MORL baseline design. Special
n2ndling 2rms and cargo hatches will have to be incorporated intc the
laboratory Jdc. n. In addition, solid cargo must be packaged in special,
hermetically seiled transfer containers becausc the cargo will be exposed to
space during the transfer process. This results in a net weight loss of 21%
of the available cargo capatility (Reference 7, page 84). Approeximately

730 o
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t of space is available for cargo stn:age in four of the six service

module sectors.

Apollo Block II weights as reported in Reference 3 (pages 171 to 181) are
used as the base for all logistics concept ext-apolations. Bacsed on this
information, the vehirle configured above can carry 7,080 1b of useful cargo

o . . ) ..
on the 507 inclination mission.

4.4,3.3 S-IB/Apollo CSM-Derived Logistics Vehicle

The approach taken for this concept is to uiilize Block II (Lunar) Apollo
cornmand and service module composi:ients and subsystems with as little
modification as seems reasonable. The main configural difference between
this and the AES-derived concept is that the 21, 900 thrust SPS engine is
removed completely, leaving more volume and weight available for cargo.
Rendezvous impulse is provided by existing SM RCS engines with enlarged

tankage. CM deorbit unpulse is provided by a solid-prouellant retropackage.

A potential configuration, shown in Figure 4-24, is made up of a minimally
modified Block II Apollo three-man command module, a solid-propeilant
rstropack, an extensively modified service module, and a LEM adapter.
The deorbit ret:npack is the MODAP recommended system (Reference 7,
page 62).

von
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Figure 4-24. Saturn IB/Apollo CSM-Derived Logistics Vehicle
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The service module internul contiguration is radically modified by (1) removal
of the whole service propulsion system, (2) changing the electrical power
source from fuel cells to batteries, (3) enlargement of reaction control
tankage (by replacing existing units with dual sets of LEM RCS tanks), and

(4) adding cargo provisions. With these modifications, more than 1,300 cu ft

of the 1,670 cu ft internal volume is available for cargo.

The LEM adapter is again utilized as a fairing from the S-IVB to the service
module and is separated f: om the logistics vehicle with the expended S-IVB

stage.

The command module must hav. essentially the same modifications as were
required for the paseline MORL logistics mission (Reference 9, pages 101
and 102). The only difference is that the electrical power and EC/LS systems

must be sized for the slightly longer ascent and descent phases.

The service module must be modified for the logistics mission as follows:

1. Structure--Add cargo doors, liquid storage bottles, and appropriate
web reinforcements. Modify forward bulkhead to accommodate CM
retropack.

2. Electrical Power--Replace Apollo fuel cells with batteries for
ascent and descent phases.

3. Environmential Control/Life Support--Remcval of fuel cell system
requires addition of water and oxygen supply.

4. Propulsion--Remove service propulsion system. Replace existing
RCS tanks with multiple sets of T.EM RCS tanks. Modify plurnbing
and rressurization equipment.

5. Subsystems--Modified as applicable to meet the requirement for
6-month orbital storage.

Minor modifications are also made to the elecirical power distribution and
instrumentation systems. MODAP cargo transfer techniques would probably
be used with this concept, thus requiring special cargo containers, laboratory

cargo handling arms, and hatches with their associated penalties.

These modifications allow the Apollo CSM-derived configuration to carry

8,140 1b of useful cargo for this mission.
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An alternate approach might be considered. Since the wh:le aft end of the
service module is available for cargo, it is conce.vable that it could be made
in‘o a pressurizable compartment with a docking »atch centrally located on

the aft bulkhead. The service/cargo module could then be docked to the
MORL hangar test area and solid cargo transferred manually in a shirt-sleeve

environment.

4.4.3.4 S-1IB/Baseline Apollo Logistics Vehicle

o

This concent utilizes the MORL Phase Ila baseline logistics vehicle
(Reference 9) essentially unmodified. This configuration is shown in

Figure 4-25 and is made up of the tollcring:

1. A modified Apollo Block II trree-man command module.

2. A service pack to provide % ~rbit propuision, EC/LS, power and
SCS function to the comma. . mod- ie.

3. A multimission module for either ca-~ . -~xperiments, laboratory
modification, or a laboratory excuision: propulcion system. A new
fairing from the S-IVB stage to the mialtimission module 15 utilized
in place of the LEM adapter.

The only variance from Phase IIa baseline subsystem design results from
the ascent phase of the logistics mission tripling (approximately 3 days to
readezvous instead of less than 24 hours). This requires enlarging the
service pack EC/LS oxygen and water supplies and adding EPS batteries.
This configuration can carry 10,480 1b of useful cargo to the laboratory in

the 50° inclination orbit.

4.4.3.5 Proposed Vehicle

The baseline Apollo (command module, service pack, multimission module)
is the logistics vehicle recommended for the 59° inclination mission on the
basis of the following:
1. Cargo capability (10,500 1b versus 8,100 1lb for the Apollo CSM-
derived venicle).
2. Ease of cargo handling.

Mission flexibility.
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Figure 4-25. Saturn iB/Baseline Apollo Logistics Vehicle
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The AES.derived logistics vehicle is less desirable than the Block II Apollo
CSM-derived vehicle because the AES mission requires changes to the

Block II Apollo subsystems that degrade its logistics capabiiity.

4.4.4 The Polar Mission

4.4.4,1 Mission Profile Effects

Polar mission profiles are described in. socme detail in Section 4. 2. Three
launch vehicles are being considered: (1) the Saturn IB, (2) the two=-stage
Saturn V or S-IC/S-II, an” (3) the three-stage Saturn V. Three launch
azimuths are also under consideration: 44.5° from ETR, 146° from ETR,

and 182° from W IR.

With each combination of launch azimuth and launch vehnicle the rendezvous
reguirements are essentially the same. After injection into an 87-nmi x
200-nmi transfer orbit, the logistics vehicle propulsion system must furnish
orbit circularization, rendezvous, and docking velocity. Total rendezvous
requirements are again a function of launch window because of its effect on
plane rotation maneuvers. For three of the logistics vehicles mentioned in
the following paragraphs, the specific effect of prolenging the launch window
on cargo capability is shown in Figure 4-26. A 5-min. launch window for
the Saturn IB S-IC/S-II,and Saturn V was again picked as a design point.
Other polar mission requirements are assumed to be identical to the 59°
inclination mission requirement. Particular combinations of launch profiles,
launch vehicles, and spacecraft will now be cnnsidered individually. Firgct,
those combinations using the baseline logistics spacecraft (command module,
service pack, and multimission module) will be discussed; this will be
followed by a discussion of configurations that use the command module,
service module, and a multimission module. In this way, service-pacxk-

based and service-module-based logistics spacecraft will be distinguished.
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Figure 4-26. Cargo Penalty as a Functior of Launch Window

4.4.4.2 Service Pack-Based Logistics Vehicles

The spacecraft portion of this logistics vehicle (the command module,
service pack, and raultimission module) is essentially identical to the base-
line vehicle described for the 50° inclination mission. The only differences
are caused by the slightly higher impulsive velocity requirements 1.:r polar
mission rendezvous and the weight of the vehicles being rendezvoused.
Changes are required, therefore, in the propellant, pressurant, and
associated tankage of the multimission module RCS. Tkhe only other change
is to the fairing between the launch vehicle and the logistics spacecraft.

The Saturn IB and V cornfigurations use the 144.5-in. long bascline adapter
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between the S-IVB s’age and the multimission module. An S-IC/S-II
logistics launch configuration might use a S-II-S-IVB adapter attached to an
S-IVB instrument unit (rather than remourt the flight control units in an
adapter), which is attached to the baselire fairing. Flight sepaiation occurs
at the aft end of the multimission module; all fairings go with the last expen-

ded ctage after transfer orbit injection.

Saturn - IB Launched at 146° from ETR

Because of the launch vehicle's low payload capability in this mission, this

configuration is only of interest as a potential ferry craft.

As noted previously, the logistics spacecraft is almost identical to the vehicle

configured for the 50° inclination mission. The only difference is the multi-
mission module RCS propellant. With » “.min. launch window, the
rendezvous impulsi e velocity requirem s 795 fps. 1'sing an additional
190 fps for empty MMM deorbit and a 10% residual loss, the total propellant
required is only 2, 140 1b. Rather than resize the RCS tan}(s, it was assumed
the baseline tanks were simply off-loaded for this special case. Discretion-

ary payload is only 1,620 1b.

Saturn - IB Launched at 182° from WTR

This vehicle was configured to determine its cargo capability for use in a
potential tradeoff of new facility expense versus continued Saturn V launches
from ETR. The propellant weight was calculated as per the Saturn IB launch
from ETR and differed simply because it has a heavier payload to rendezvous
and deorbit. Thic configuration can deliver ~, 060 1b of cargo to the polar

orbit.

Saturn - IC/S-II Launched at 146° from ETR

The S-IC/S-1I launched at this azimuth into a polar orbit has capability far
in excess of that utilizable by the logistics vehicle. The cargo is only
limited by the volume available in the multimission module. Assuming an
average cargo density (liquid and solid) of 20 1b/cu ft and a volume of about

1,000 cu ft in the pressurized section, 20, 000 1b is used as the maximum
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cargo for these excess capability configurations. The potential for heavier
cargos exists, however: a nuclear reactor experiment in the MMM could
weigh over 30,000 lb. This logistics vehicle configuration with adapters is

shown in Iigure 4-27.

The multinission module RCS was sized for a logistics spacecraft carrying
20,000 1b ci cargo. Kendezvous impulsive velocity is 70 fps higher for this
configuration because of potential second-stage thrust termination errors.
Since the propellant required is significartly different from the baseline, the

RCS propellant tanks and pressurant system were resized.

Saturn - V Launched at 146° from ETR

This logistics vehicle configuratinn is similar to the S-IC/S-II-launched
Apollo baseline. Exceptions are the return to the one S-IVB/MMM adapter
and removal of the S-II rendezvous penalty. The payload remains far in

excess of the 20, 000 1b the configuration is capable of carrying.

Saturn - V Launched at 44.5° from ETR

Since this logistics vehicle is almost identical to the Saturn IB-launched
baseline Apollo for the 50° inclination mission it would be a natural choice
tor the polar mission. The only difference is a 10% increase of the MMM
RCS requirements over the 50° inclination mission. If orderly progression
srom 50° to polar missions were assured, the logistics vehicle MMM RCS
cou.d be sized for the polar rnission to begin with. At a small penalty, less
than 100 1b to the 50° inclination mission, the same logistics vehicle serves
both missions, This configuration can carry 10,220 1b of cargo tc the

orbiting polar laboratory

4.4.4.3 Service Module-Based Logistics Vehicles

This conc.pt was first explored for the sy.achronous mission (Section 4.4. 5)
where there is need for a relatively learge deorbii propulsion system, high
cargo capability, and logistics mission flexibility. As a result, a configura-
tion evolved that was simply an Apollo command and service module with a
multimission module suspended from the aft end of the service module

(inside a LEM adapter during boost phase) as shown in Figure 4-28.
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Because the polar mission does not require a large deorbit velocity, the less
complex, lighter baseline configurati<n utilizing the service pack is a more
satisfactory approach. However, other missicn pian considerations could
dictate the use of one logistics vehicle configuration for both the polar and
synchronous missions. For this reason, service module-based configurations

were evaluated with different launch vehicles for the polar mission.

Saturn-IC/S-1I Launched at 146° from ETE.

The legistics vchicle, when lauached in ihis high payload configuration,
utilizes Apollo command and service modules with minimum modifications

for the logistics mission.

Command module subsystem changes are the same as those discussed
previously under the S-IB/Apollo CSM-derived logistics vehicle for the 50°

mission (Section 4. 4. 3. 3).

Service module modifications for this mission include adapting applicable
subsystems to qualify for a 6-month orbital storage. Other nandatory sub-

system modifications include the fuilowing:

1. Electrical power-~Replace Apollo fuel cells with batteries for the
3-day ascent and l-day descent phases. Modify power distribution
system.

2. Environmental control/life support--Removal of fuel cell system
requires addition of water and oxygen supply.

3. Instrumentation--Remove LEM monitoring instrumentation.

Note that the service prupulsion system is left intact, even though only about

1,000 1b of propellant is required (for CSM deorbit).

An attach structure is required between the service module and the multi-
mission module. This structure will probably be jettisoned after the
logistics vehicle docks at the laboratory; the CSM and MMM will be handled

separately.
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The rnultimission module is used unmodified from the baseline concept
except for the resizing cf the reaction conirol system for this m-ssion. RCS
propellant requirements were based on an assumption that about half the SM
RCS propellant is available for rendezvous and docking velocity, the rest is
used tr buck oui the off-cg thrust of the MMM RCS and to perform CSM-
unique maneuvers. Total rendezvous velocity regquirements are 865 fps for
the S-1C/S-II-launched vehicle at a 5-min. launch window. Cargo capability
is limited by MMM volume to 20, 000 1b.

Saturn-V Launched at 146° from ETR

This configuration is essentially the same as thz S.1C/S-II-launched vehicle

jus* discussed. The only differences are as follows:

1.  Multimission module RCS is sized to a slightly different require-
ment: a rendezvous velocity of 795 fps at the 5-min. lauach
window.

2. The only adapter required is the LEM fairing from the S-IVE
stage to the service module.

Cargo capability is again limited to 20, 000 1b.

Saturn-V I.aunched at 44. 5° from ETR

This configuration requires, because of launch vehicle payload restrictions,
extensive modification of the service module service propulsion systerms i
order to save weight. Also, because of the limited cargo that can be
carried, as well as the SM SPS reduction, the weight to be rendezvoused is
about 4,000 1b less than the previously discussed configurations. As a
result, the multimission moduie reaction control system requires less ¢ ‘o-
pellant and can be resized downward from the baseline configuration. The
service module SPS weight s based on the AES minimum tankage systern of

Reference 6.

With these changes, this configuration can carry about 3, 000 1b of cargo.
Because the service propulsion system is only used for CSM deorbit, a
further attempt at weight reduction was made by substituting a MODAP-type

command module retropack for the SPS in the configuration.
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This allows the whole SPS to be deleted from the service module and the
CSM /MMM attach structure to be shortened. The MMM RCS increases
slightly tecause there is potentially more cargo to be deorbited with the
MMM. The changes allow a grand total of 4, 960 1b of cargo t2 be carried to
the polar laboratory. A combination of Saturn V launch costs, extensive
Apollo service module modifications, and low cargo capability make this

configuration a doubtful candidate.

4.4.4.4 Pronosed Vehicle

The baseline Apollo logistics spacecraft taunched by a Saturn V at an azimuth

of 44.5° from ETR appears to be the best choice at this time for the foliowing

reasons:
1. No significant range safety p:oblems.
2. Simple, flexible logistics vehicle configuration.

(V3

Adequate cargo capability (over 10, 000 1b).

A second choice would be the modified Apollo (CSM + MMM) launched by a
Saturn V a. an azimuth of 146° frcm ETR. Though this concept offers more
cargo capability than the configuration is presently capable of handling, it
bhas the fcllowing two disadvantages:
1. The configuration is more complex, heavier, and more awkward to
handle (after docking at the laboratery) than the baseline Apollo.

2. The launch azimuth required may create range safety problems
because of overfly and IIP across Cuba and Panama.

4.4.5 Synchronous Mission

4.4.5.1 Mission Profile Effects

Details of the mission profilc are given in Section 4.2. The only launch
vehicle considered capable of delivering an adequate payload for this mission
is the Saturn V. The lcgistics spacecraft propulsion system is required to
furnish only 202 fps of rendezvous and docking velocity if a 2-min. ground

launch window can be met. Rendezvous will require between 2 and 3 days.
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A major requirement for the logistics vehicle is that a high thrust system
must provide an impulsive velocity of 4,920 fps for commmand module deorbit.
An unmanned module, such as a depleted multimission module, will not be
deorbited tecause of the weight and complexity penalties involved. They will
simply be thrust into a different orbit. At near-synchronous altitudes, the

volume of space involved provides an effective disposal.

4.4.5.2 Saturn-V/Apollo Logistics Vehicle

The concept that evolved for this raission i3 made up of a modified Block II
Apollo command and service module with a MORL multimission module
supported from the aft end of the service module. The MMM hangs inside a
LEM adapter during the launch phase. The adapter will clamshell open to
free the logistics spacecraft when it thrusts away from the burned out S-IVB
stage dur; .g its first rendezvous maneuver. The configuration is rearly

identical to the one :hown in Figure 4-28 for a polar mission.

The three-man lunar Apollo rommand module must receive essentially the
same modifications that were required for the baseline MORL logistics
mission (Reference 9, pages 101 and 102). Excenticns are that the

command module may be exposed to space for up to 6 months and no retro-
pack is needed for deorbit. The 4.5 g/sq cm (average) shielding of the
command module structure and permanent equipment results in approximately
1 rad of radiation on transit through the radiation belts. It is thus deemed

more than adequate (Reference 10 pages 137 and 138).

Modifications to the Apollo service module for *he synchronous logistics
mission include the following:
1. The service module systems must be adapted to a staytime in orbit
of up to 6 months.

2. The fuel cells must be replaced with batteries for Apollo CSM
ascent and descent power requirements. This also forces modifi-
cations to the EC/LS system.

3. EC/LS consumables must be furnished for a 3-day duration ascent
phase and a 2-day maximum duration descent phase.
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4. The service nropulsion system must be kept to provide deorbit
impulse. The propellant tanks could be resized to the 11,600 1b of
propellant required for deorbit (the lunar mission requires about
37,000 1b of propellant). However, the expense of modification was
not considered worth the more than 1,000 1t of tank and pressurant
system weight that could be saved, and the SPS was left uninodified.

Some modification to the service module electronics because of the
new mission is also required.

m

An attach structure between the service module and the multimission module
is required. This logistics vehicle configuration will also require redesign

of the Phase ITa MORL handling arms.

The multimission module from the Phase II baseline configuration can be
used without modificaticn. Reaction control system propellant requirements
were based on 202 fps for rendezvous and 200 fps for MMM disposal. The
service module RCS was not assumed to furnish any velocity for rendezvous,
its thrust being used to buck off-cg MMM RCS thrust and perform CSM
unique maneuvers. These requirements result in a propellant weight which
is about 40% less than bar=line. Howev.r, since the baseline MMM RCS
appears adequate for the 50° inclination mission, the propellant is off-loaded

for the synchronous mission, and the RCS can remain unmodified.

The modified Apollo logistics vehicle launched by an Saturn V appears quite
satisfactory for the mission since it furn shes about 19,000 1b of cargo

capability for the synchrunous mission.

4,4.6 Logistics System Inventory

The baseline !ogistics system represents a sizable portion of the total MORL
system. The operating costs of MORL (estimated to be $365 million

per year) are largely incurred by the required logistics flights. The
current logistics flight schedule is based on a 180 day average stay time for
each crewman which was imposed for biomedical reasons. With the three-
man Apollo, four flights per year are required to rotate the crew in
accordance with this stay time. For 5 years of operation, 22 logistics

vehic.ies are needed (4 per year plus the initial 2 manning launches).
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If the complete logistics vehicle inventory were purchased at the start of

the 5-year program, a 0.95 probability of meeting all 22 appointments (with

a logistics system that has a launch, rendezvous and dock success proktability
of 0.90) requires that at least 27 vehicles be available. This initial inventory
of 27 vehicles is 5 more than required if all launche s are successful. As the
program progresses in time the nuinber of remaining appointments decreases
and the number of excess vehicles required to assure the rission appointment
success probability of .95 also decreases. For instance, in the last year

of operation there are only four appointments, and the inventory required for
a success probability of 0. 95 is six. If all the launches were a success up to
that point there would be nine venicles available -- three more than required.
This is shuwn graphically in Figure 4-29. The tottom cstairstep gives the
number of appointments remaining as a funcrion of mission duration. The
next stairstep shows the total number of vehicles that must be in inventory

at any point in time to assure that the remainder of the .nission has a success
probability of at least 0.%5. Because we are dealing with integer units

(whole logistics vehicles) success probability is usually above 0.95 and the
required inventory can scmetinies drop two vehicles, when only one wasg
launched, and still maintain the 0. 95 probability; e.g. at the end of Year 1.
The final stairstep shows the potential excess inventory assuming all launches

were successful.

The figure was based on the fullowing analysis: For K appointments remain-
ing in the mission and using a logistics vehicie with a probability of success,
PL’ the number of vehicles (N) required to assure an overall mission
(appointment) success probability is generated as a byproduct cf the ma‘he-
matical solution to th. generalized inventory-appointment problem. The
generalized inventory-appointment problem is stated as the probability of
meeting K appoirtments (i. e. mis,.on success) with at most N vehicles, each
of which has succzss prokabiliiy .’L’ and with at most L attempts per |
appointment. An analytical expression for the solution to this problem is

given below: -

- K.i-K i-1 i=L-1 K(K-1) ,i=2L-1 n-1
I’S = igx PL Q (i-K) -K(i-K-L) + 21 (i~K~2L) - ("1)
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NA

where:

1-Py,

11 = the numoer of terms in the coefficient.

Q

For any i, n must be such that (n-1) L+ K<i<nL + K

This expression may be derived by gererating functions to express the
probability cof success in a single appointment. The probability of K success-

ful appointments may then be expressed as the product of the probabilities

cf each appointment.

By evaluating thic expression for K appointments and L attempts per appoint-
ment (L is assunred large in Figure4-28), an N can be found such that if the
probability of each successful launch is 0. 90, the probability of mission

success is 0. 95 or greater.

Table 4-20 shows the probability of having in inventory, at the beginning of
each year, n vehicles more than is required to maintain the mission success
probability of 0.95. This excess is of course due to few cor no failures in the
previous year, or years, of operation. For example, if in the lst year of
operation all 6 logistics launches ~re successful, the inventory at the end of
that year is reduced to 21, yet only 20 are needed to ensure a 0. 95 probability
of successfully completing the rernaining 16 launches. The remaining
logistics vehicle is available for cther purposes without compromising the

success of the main mission.

These excess logistics vehicles could be used to provide MORL with a nine
man crew for brief periods. The extra manhours 1esulting could significantly
increase the inspace capability of the M ORL. The potential increase in man-

hours added to the MORL program is shown below.
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i .
; Experimental Man-Hours
Number of Vehicles Made Available .
1 4,120
2 8,240
3 12,370
4 16,490
5 20,610
v It should be peinted out that these extra manhours are proviided without
additional logistics system vehicle purchases and without comnpromisiag the
overall mission success probability.
' An aliernate use for these potentially excess logistics vehicles w. .° he to
{
increase the orbital life of the MORL beyond five years without a1dditioral
purchases. At the end of the 5 year program, the probabhility that there
would be three excess logistics vehicles is 0. 56, Three vehicles would
. provide sufficient inventory for a 0. 95 probability of two more successful i .
3' launches, or six months more orbital stay time for MORL.
‘ Table 4-20 -r
PROBABILITY OF AVAILABILITY .
Notes 1. Mission appointment success probability is 0. 95 or greater
, 2. Logistics appointment success proability = 0. 90
3. 180-day crew rotation assumed.
Years of Rem: .ining Orbital Operaions
Vehicles* 4 3 2 1 0 ‘
5 0 0 0 0 0.10 .
4 0 0 2 0 0.32 |
3 N 0 0 0.15 0.56 ':
2 0 G 0.23 0.42 0.76
1 0.53 0.35 0.55 0.68 0.89 ;
*Number of vchicles in i.ventory (n) beyond that required for missicn , g
success probability of 0, 95. ~ ‘
4 |
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Section 5

SUBSYSTEM ACCOMMOGCDATION OF EXFERIMENTAL RECUIREMENTS

This section describes the ability of the MORL system to meet the requirc-
ments of ilie experiments in the Experiment Plan plus certain adcitional

experim:ants.

All sources of the experiments in this plan were reviewed to determine a
meaningful set of experiment performance requirements to be imposed on
the MORL and its subsystems. This review yielded a spectrum of require-
ments that can be accommodated by the baseline MORL system with the

followiag reservations:

1. A separate EC/LS temperature control a.xd ventilating system
should be installed = the hangar section te provide ad_gquate com-~
fort and .ontrol during the increased occupancy of this section due
to the experimc t requirements. The system would be simrilar to
the main laboratory temperature control and ventilation system.

2. Experiments that require high slew rates or precise r:.e stabiliza-
tion should be gimbal mounted. In addition, a rigid common mount
should be provided for the precision attitude reference and these
experiment sensors requiring less than 0.59° attitude error.

3. The Baseline Data Management System capacity must be erlarged
in order to accommodate the experiment requiremerts. The
following four areas should be investigated to determine their
effectiveness in accomplishing this enlargement:

A. A single, programmable da.a acquisition and dictribution
function that is central te all other subiunciions.

B. An all-digital data distribution bus with local (signal source)
analog to digital conversinn.

C. A single data channel telemetry function with interrupt

D

capability.
The capability co reduce on-board operational and experimental’
data.
157
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4. In order to accommecdate experiments periorr::d in the hangar
secticn, a new ccnsole and operator panel should be installed. The
iaboratory ccientific console should a'so be enlarged to provide
adequate multiple experiment control capability.

5.1 ENVIRCIMENTAL CONTROL AND LIFE SUPPORT SYSTEM (EC/LS)

T-~e oC/LS System was found to be adecuate to accommodate the require-
ments of the Experiment Plan. However, it is recommended that a separate
cooling and venti:aticn circuit be instalied in the hangar to provide better
conitrol and comfort .or the increased occupancy of this area because of the
experimenta: program. The system would be similar to the one in the main

laboratory.

5.1.1 Experiment Requirements

The original experimental program that was considered for Phase Ila
influenced the design of the baseline EC/LS system. The specific changes

made to the original design concept are sumrmnarized below for reference.

5.1.1.1 Atmospheric Supply

The atmospheric losses due to equipment lock, man lock, and hangar
decompressions for the experimental program are accounted iur in the
sizing of the cryogenic OZ and N& tanks. Additional OZ and N2 are
resupplied accordingly.

5.1. 1.2 Atmospheric Purification

The Biological/Liquids Laboratory was created for containment of danger-
ous liquids and contaminants within a single compartment. A s=pavate puri-

fication circuit was added to this compartment.

5.1.1.3 Compartment Conditioning

The purification circuit in the Biological/Liquids Laboratory also provides

for temperature control and ventilation.
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1. 1.4 Water Managementi

]
¥
i

he excess water revovery {over and above normal crew requirements) is
o 'y 13 - 3 o P - P vy + 1" -t = -

used for all experiments requiring water. In addition. this excess water

provides for back-pack couoling for experiments requiriny extravehicular

operations.

.

Yaste AN

pey)

5.1.1.5 anagement

The waste dehydration capacity normalily required for the crew wastes is
arbitrarily doubled by adding a duplicate set of dryers in the experimental

area to handle experimental wastes.

A 2-cu ft, 0°T freezer was added to the laboratory equipment because of
experimental low temperature storage requirements. The refrigeration

(-}OOF) capacitly was doubled to a 3-cu ft volume.

Whenr the expanded experimental program was examined for its impact upon
the EC/LS system, it was ‘ound that while the number of experiments to be
accomplished greatly expa.ided, the categories or types of experiments did
not. Therefore, if the EC/LS system could already accommodate all original
categories, the additional experiments could ke expected to ‘mpose no pen-
alty. This trend is expected tc continue as the experimental program
changes. One change in laboratory operation is suggested, however, by the
expanded experimental program. The applications plan experiments indi-
cated that a greater number of experiments would require looking at the
Earth. Since these Earth-orierted experiments will generally be conducted
in the hangar, it appeared that the hangar's use «s an experimental area
womild greatly increase. There is a greater possibility that four or six men
would be in the hangar at one time and that more than one experiment will be

coaducted simultaneously.

5.1.2 Subsystem Capabilities and Potential Changes

It must be remembered that in the baseline EC/LS system the hangar
atmospheric purificition circuit is utilized to provide temperature control

and ventilation. Because this circuit is designed for the closed suit loop




operating mode, its usefulness as a hangar conditioning circuit is limited.
With two men in the hangar the air temperature would remain at about 75°F.
However. with four or six men, plus electrical heat dissipation, the hangar
air temperature could reach 80° to 85°F, which would be uncomfortable for
long-term occupancy. Therefcre, it appears, that a separate cocling and
ventilatior circuit similar to that in the main laboratory is required for the

hangar: this change is recommended for consideration in Task 1IV.
g g

5.2 ELECTRICAL POWER

The clectrical power system supplies the required power to operate the

exp< rimental! program and to maintain the normal housekeening loads. An
eva.uation of the electrica, wower required by the experiments was conducted.
The data used for this analysis were obtained from the SPEED computer
program and from detailed experimental load evaluation for the 48-hour
study. Results of the evaluation show that the electrical power system has
been designed to provide sufficient power for the operation of the experi-

mental program.

The SPEED program that formed the Experiment Plan also periodically
displayed the status of the electrical power system. The amount of elec-
trical power being consumed by the experiments was examined once each
720 hours of time. The resultant data are shown in Figure 5-1. These data
provide an instantaneous snapshot of the power being consumed at the stated
intervals. The average experimental power consumption was also deter-
mined by SPEED; it is 91. 3 W, as is also shown in Figure 5-1. The peak
experiment load displayed is 1, 000 W. The actual peak experiment po>wer

consumption measured during the Experiment Plan simulation was 2,205 W.

An allowance for an average power of 2,000 W was provided for experiments
in the design of the electrical power system. The electrical power system
also has the capability of providing 150% of rated power for periods up to

1 hour (see Figure 4-12) or smaller amounts of overloads for longer periods
of time. Therefore, all experimental power requirements are within the

provided design capability of the MORL electrical power system.
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ELECTRICAL POWER CONSUMPTINN (WATTS)
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Figure 5-1. Electrical Power Consumption Experiment

5.3 STABILIZATION AND CONTROL SYSTEM (SCS)

The Stabilization ard Control System can meet all pointing requirements of
the experimental program, provided that a gimballed experiment mount is
furnished for some of the experiments, that 8 of the 163 experiments
examined are supplied with their own er_-or sensors, and that a rigid sensor-

experiment beam is installed.

5.3.1 Responsiveness Analysis

The MORL data bank of 163 experiments was examined to determine the
entire spectrum of requirements that may be imposed on the Stabilization
and Control System by the experiments. *Each experiment was examined in
detail to determine the requirements ior vehicle orientation, pointing
accuracy, duty cycle, stabilization, slewing rates, and other pertinent

factors. It is assumed that the data bank list of experiments represents a

worst-case set of requirernents and thus “orms a better framework for evalu-

ating the SCSthan would be provided by a more restricted list associated
with a specific mission.
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The data bank consists of 163 different expecriments derived from three major

study programs: the MORL phases Ila and I1b, the Apollo extension, and the

Orbiting

Space Station. The specific sources from which the data bank

experiments were generated are listed below:

1.

Dougias MORL Program
Douglas Phase Ila studies.
Communications--IBM study.
Meteorology--Douglas in-house study.

A
B
C
D. Oceanography--Bisset-Berman and Marine Advisors study.
E. Geophysics--Douglas in-house study.

F

Cartography--Aero Service study.

Apollo Extension Program
A. North American Aviation Extended Apoilo studies.

B. NASA, AES studies.

Orbiting Space Station Program

A. Douglas OSS studies.

B. General Electric OSS studies.

C. Space System Division OSS studies by Martin-Marietta.

Approximately 700 experiments contained in these sovrces were sarnrarized

and categorized into the following nine major groups (these have sinc= Leen

regrouped under four major headings):

II

v

<

Vi
Vil

VIL
IX

Group Experirﬁ:;lt(s)L/GrcuR

Biomedical

Behavioral

Biological 22

Space Measurements and Astronomy

Earth and Earth Surface

Materials Testing and Physics 26

Subsystem Testing 69

Logistics/Space Operations 13

Spacecraft Environment 6
Total 163
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In rnany cases the reference source descriptions for a particular experiment
varied widely in specified SCS requirements (in other words, many cxperi-
ment definition: .w.cked sufficient detail or conflicting rate and attitude hold
requirements for the same experiment, and many called for gimballing of
experiment packages without regard to vehicle capability). In general, when
the reference source descriptions specified different attitude or rate require-

ments for the same experiment, tbe most stringent specifications were used.

Table 5-1 is a sample data sheet containing summary STS requirements
extracted from six unclassified experiment categories in the data bank.
This sample is included to show the format used and to indicate the quantity
of data involved in the accommodation assessment. Since many of the
experiments are classified Secret or Confidential, the complete lists of

summary data have not been included in this report.

In Table 5-1, Experiment Definition refers to the experiment title and cat-

egory to which the experiment is assigned in the data bank.

Orientation is the vehicle or sensor attitude orientation required by the
experiment. In more cases where an Earth orientation is specified, it is

assumed that the belly-down orientation satisfies the requiremeni.

Pointing Accuracy refers to the alignment accuracy required between the
sensor and the selected attitude reference. The required accuracy may be
obtained by using the laboratory as a pointing platform or by gimballing the

experiment sensor relative to the laboratory.

Field of View is the angular coverage required by the experiment sensor.
Both instantaneous and total field of view requirements should be specified

for each pointing-type experiment.

The Rate column includes specifications for the maximum rate relative to
the selected attitude reference that is permitted during operation of the
experiment, and the specifications for slewing or rotating the sensor axis

relative to the selected attitude reference.

1R13



\

- » ' . , .- S e - - —
sueano {8axe om3) uoljeuIy
sueld 31qa0 TYOW Ut nﬁmnE—chn n 12a0 FJursped 398 70 '0 ¢3 338/ 6 a2l ¥ euuajue 52 F o1 -1913p wmiidade
TTYOW oIy pay-une euuajur jo uo pajunou ajym sdep o1 Joa aurry twa | o3 dn wals 1j-¢ pateqund Baryutod Aturres asreyang
2jt{{ates 1apuodsues ] }513U00 [ENULR | PUURIUE I-p 10y Aep/ay 9 03 uonjtsog 398/ 10 Im uUaIs18U0D - yeidadedg umop A1139 | s-4II (I4N) 19-NMA
"10suUas [0 0 ® “A I noqe x
ostv (A 07 ¢ i333aq 10 nuu | 238/ .6 renwtd oL Tz a0ejIns
K & WUIPLIVIOD Y s3jeutproor uony| jo Ajtjiqeden *A ‘71 jroge x {31qeidasoe ue3IZ0 JO wmiy
speej g) wiaisAs s10§Uuas siep (g 10J -180g  4en9gjduimars unw requiid 0S¥ F1 1°0) 100 Ao®e -2ads ainjeaadwag
10SuU3s pa elju. Jjo 1o1uo Aep/sawry ¢ 10 338s 7°Q 01| 30} >3S/ 00 “8I08UIS -1n208 Buryurod uorsuauItp-om 1
MILA 1O PIAYY MOZIPN owme pue {enuepy $3) dxa/ay 7/1 9JUIIIIII Jwr] ¥ Aiigers Jo 835 om], yeidadedg umop A[1og €-9II {"T41) 09-TIA
‘potsad Quivoritsodax
Uty g ' Ut pay ovay futanp >a3s (Ade
pU® palmboe ay /45 pue Yoeay -in>>e Jutyuted
0] sawy Arw sdong dutrnp 23 yeidasreds 050
WP G| ¥ Aueru \Om ‘1 duwmags (uoziioy swnsse} jusw
sy 0: z T uIyem 138 OF .-N>M 03 uoziryoy) uﬁualnxkx +/t 313jawresed
01 aq 1Snw ionqg ayy ruuiue 2987 1 4 _"A T inoge 03 dn 103 Aoe swyderBoueaso
03 3Aljelal euuaiue jo [ciuon |euusiue d1loQ sden o Ajiqess drexr 2L + PAM3 .5 3q [and0e :u.~0>oc~ aseyIngqng
Y] 3O spnitne Iy ojne pue (enuvp -exed 13- 103 Aep/ry | 1ajawoy | jjexdanedg 01 BUUWSIUR 3f-p | UM JUIISISUCD) umop Af[ag G-gII (TEN) 66-TIA
pueq
-PEP 160 sauwrzrads
Autddew sepey yiiey aeak 1 103 Lep wau 7 ‘g 33 saxe 7 IACMOIDITI
dxa vy aseyd 2ag yoes Aep/ay | 20 °0 jarI dwitp 2aE/ 1070 soxe [[® 1°0 umop Arag | (£-1) O1-9NT 6-TA
pasinbar maid
Yuow, Iy y *y juawr suoifax
$11qQI0 “IBIA 23s/ 01°C -tzadxa Aq baax xe[od o3
snouoagy Juis pre 10} BLUONUIIUOD 3umsse Mopurm Om ‘) suunsse S§I08UIE ucucg Laains jexosny
uor,euUt[IUT 13} [EnuE N sag jwawrtaadxsg popinads JoN | pay. tads JuN tesndo ur-gp - paydads 0N - umop A112g #-VI 92-TA
— R
asuerd 11qn ut
“THOW apisur AT wol) 01 +
glequu i uo pajunow pue sueld 1qro
TATOC) 41 X g1 Yitm radons ht1 2as/ 1 o) uml_:u_v&wm uoyNqII3SIp
(sa9 dze 1) adods = o2 10 Aunurod sAeBD 1 1°0 01 Jo1 auny - Auprgeis  (-1ad 09 + pamags P3atsdp [0 "0 I010> 35
-3193 woninjosax Yy UMY pue (PnuPp say 103 Lepjay 7 Ty | 0] uuitsod jyexrasedg 2q 07 adodsafal - jjerdadedg umop Ar1eg =T (F19N) 29-TIA
Sa1oN 10LBO D) OINY sprquin a4 Amg uoijefraen ney MIATA Adeandoy uonewaIIQ uoTUTy A
10 [enurly teadaug jo protg Burjurog wowitiadxy

LEYTHS VLVA LNINWIGIdXH

1-6 ®19eL

164




The navigation requirements, specified in terms of position and time measure-
ment accuracies, are listed in the next columrn. Although navigation is not

an SCS function, it is sometimes useful to know the allowable position error,
particularly when pointing accuracy or rate requirements are not specified

and must be estimated.

Duty Cycle refers to the operating/nonoperating time sequence. This is
useful in cases where attitude reference error is a function of time and the

drift during expcriment operation must be determined.

Many of the experiment descriptions specify integral gimbals, vich means
that the experiment sensor may be rotated about one or more axc: relative
to the body of the laboratory. Specification of gimbals by the experimentor
presupposes limitations on the laboratory pointing capabilities. While this
is usually a valid assumption, it is nonetheless required that the basic
experiment requirements be checked against the laboratory capabilities

before specifying the need for a2 gimballed mount.

The last significant column, Manual or Auto Control, is listed briefly to
indicate the role of man in experiment control. For most experiments,

this division is not clearly defined.

In summary, it is noted that the experiments as currently defined do nc!
spell out requirements for stabilization and control in much detail and, con-
sequently, many of the control requirements must be estimated on the basis
of what information is given. While the data bank list of 163 experiments
may not represent any specific experiment program or plan, it does provide
a look at what may be considered the complete spectrum of requirements
and, as such, represents a good set of criteria against which the SCS

concept may be evaluated.

5.3.2 Requir2ments Accommodation

In determing the degree of accommodation afforded experiments by the SCS,
primary attention is given to the attitfude and rat: requirements. Of the 1963

Phase Ila data bank experiments examined, 102 impose some requirement

165
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on the Stabilization and Control System; 101 require pointing, attitude hold,
or knowledge of attitude history, 101 require a rate stabilization capability
and, of tlese, 43 also requive a slewing capability in excess of lo/sec.
The distribution of these requiremenis 1s shown in Figures 5-2 and 5-3,

respectively.

It was assumed that the laboratory/experiment interface would be simglified
if the experiment could utilize the laboratory itself as an orientation and
stabilization platform and not be required to provide its own control functions.
Therefore, the pcinting accuracy and rate requirements for a given experi-
ment are first compared with the laboratory's pointing accuracy and ~ate
capabilities. In the horizon sensor/gyrocompass mode, the baseline SCS
can maintain the laboratory's axes aligned to within 1/2° of the belly-down
reference orientation. Body rates are la:gely a function of the transient
disturbances induced by crew and equipment motions. Although this dis-
turbance category has not been studied in depth, it is anticipated that vehicle
rates at least as high as 0. 06°/sec will be experienced due to crew motions.
By restricting crew activity somewhat, the vehicle rates may be reduced to
0.01%/sec or even 0. 005°/sec. These attitude hold and rate capabilities of

the laboratory are also shown in Figures 5-2 and 5-3, respectively.

Figure 5-2 shows that 54 experiments have pointing requirements within the
1/2° capability provided py the SCS horizon sensor/gyrocompass mode.
However, 41 of these 54 experiments, when located in Figure 5-2, have
stabilization raie or slewing requirements that exceed the baseline capatility;
thus, only 13 can be accommodated by direct control by means of the labora-
tory SCS.

The prucision attitude reference that consists of an inertial platform, star-
tracker, and computer can control the laboratory axes to within 0. 1° attitude
error. In order to provide this pointing accuracy for a given experimental
instrument, the instrument and the star tracker must be mounted on & com-
mon rigid mount to avoid misalignment caused by structu. al flexure and
displacement. With this 0. 1° capability, it is seen from Figure 5-2 that

the number of experiments that can be accommodated is increased by 33
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~ver that accommodated by the 0. 5" capability. However, when these 33
eiper: nents are examined in Figure 5- 3, the nurnber that can be accom-
modated is re’iced to 10 since 23 exceed the slew rate capabilities of the

CMCGC's.

These 64 experiments that cannot be accommordated bicause of their stabili-
zation rate or high slew rate requirements cow n. gimbal mounted ~nd con-

trolled or slewed at the requi—ed rates with re. (¢t to the laboratory.

The high slew rate requirements also can be met by an increase in the size
of the control monient gyro or by the use of the reaction control svstem
ergines for slew control. In order to achieve the rates required, the CMG's
must be increased 100% in size to a total of about 300 Ib. The propellant
required to slew the entire laboratory through the required rate profile is
about 10 1b per tracking event. If each of the 43 experimerts requiring high
slew rate were performed only one time, the propellant required would be
about 500 1b. On the basis ot this comparison of the two merhods of slewing
ke laboratory, it is recommmended that the experiment sensors be gimbal
nounted and the entire laboratory not be slewed. This applies to all other
experiments which have slewing requirements in excess of 0.3 to 0. 4O/sec,

whic1 is the baseline momentum storage system limit.

If the attitude control accuracy were further extended from 0.1 tc 0. 010,

the current measurement accuracy limit, eight additional experiments could
be accommodated as shown in Figure 5-2. Further examination of Fig-

ure 5-2 reveals that six of the eight experiments must also be gimbal mounted

in order to satisfy their high slew rate requirements.

It can be concluded that the baseline system with a 0. 1° pointing accuracy

and the use of gimbal mounts can accommodate the pointing requirements of
87 of the 101 experiments, or 86%. Increasing the accuracy to 0. 01°
increases the number to 95 for a total of 94% (assuming these last eight are
gimbal mounted). The remaining six experiments are beyond the accuracy
capabilities provided by the baseline SCS. Fortunately, four of these pro-
vide their own control error signals. The remaining two use manual pointing,

although the ability to meet these requirements by manual pointing remains
to be proved.
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One experiment (I-2, Conditioning Devices and Techniqies) of the 102
requires only rate control (no attituue), and one experiment (VI-II, Solar
Absorptivity and The rmal Emissivity «f Thermal Control Coating) requires

only attitude control (no rate).

The accommodation assessment may be summarized as follows:

T otal experiments 163
SCS support required 102
Number requiring attitude control 101
Number requiring rate control 101
Number requiring gimbals 56
I. To meet slewing requirements 43

2. To meet attitude hold accuracy requirements

3. To meet rate hold accuracy requirements

Number accommodated by attitude hold of 0. 5°
1. No gimbals 41
2. Wit gimbals 54

Number accommodated by attitude hold of 0. 1°
1. No gimbals 53
2. With gimbais 95

Number accommodated with rate disturbances of 0. 06°/sec
(no gimbals) 34
Number accommodated with rate disturbance of 0. Olo/sec
(no gimba's) 47
Number accommodaied with rate disturbance of 0. 005°/sec
(no gimbals) 52
Number accommodated with rate sensing threshold
of 0. 0006°/sec (with gimbals) 99

The remaining experiments, six from the attitude chart and two from the

rate chart, must provide their own error sensing and must be gimballed for

dynamic isolation or slewing purposes. The eight experiments, as defined,
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provide these functions. From these results. it 1s conciuded that all experi-
‘nents can be accommodated from the standpoints of attitude. rate, and

< rientation requirements.

5.3.3 Reccommended Baseline Changes

All experiments that require a particular orientation can be accommodate-

by the baseline, and no change in the present system is necessary to provide

the attitude capability. Since about 80% of the SCS cxperiments require an
arth-centered rejerence, the belly-down orientation is recommended for

long-term use.

As indicated in the previous section, for experiments requiring high slewing
rates (on the order of lo/sec or greater), large amounts of propellant will
be consumed if the laboratory is driven at these rates (on the order ol 10 1b
per maneuver). Therefore, it is recommended that these experiment
sensors be moun.ed on gimbals and the laboratary held fixed in attitude.

The laboratory attitude hold or pointing accuracy need only be sufficient to
prevent gimbal angle overtravel, owing to disturbances while conducting the
experiment, or to position the object in the field of view of the sensor head.
With this approach, a'l 43 experiments requiring high slewing rates can be

accommodated with no change to the basic Stabilization and Control System.

With all slewing-type experiments supported on gimbals, and with the 0. 1°
pointing accuracy provided by t:.e common sensor-instrument mount and
0.005%/sec rate stabilization accuracy, only 13 of the total of 102 experi-
ments remain. Since either the pointing accuracy or rate requirements of
these experiments are beyond the baseline's capability, these equipments
must also be mounted on gimbals in order to provide adequate control. In
this mode of operations, the baseline SCS measurement accura-.ies of 0. 01°
attiiude and 0. 00060/sec rate may be used to provide contro: signals te the
gimballed sensors. Even with this level of accuracy provideu by the SCS,
there are eight experiments that have attitude or rate measurements beyond
the baseline's capabilities. Jince these eight experiment-s provide their own
attitude and rate error sensing, there is no requirement to upgrade the

baseline SCS capability.
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On the basis of this analysis the following items are recommended as changes

to the haseline system: (1) provide a common rigid mount that can support

the star tracker and those experiment instruments requiring between 0. 1 and

0. 5° altitude error, and (2) provide a gimbal mount system for those experi-

ments requiring high slew rates or fine rate siabilization.

In addition, there are areas of study that sihiould be pursued in order to

increase the confidence in meeting the aforementioned requirements:

1
i

3.
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The abiiity of the SCS to control the laboratory to an accuracy of

0. 5° in the horizon scanner/gyrocompass mode and 0. 1° with the
precision stellar-inertial reference should be subjected to further
analysis. Rudimentary studies performed in this and prior phases
indicate that these reauirements can be met. More complex
analyses covering all possible disturbance situations may reveal
cases in which these requirements cannot be met without modifying
the baseline SCS.

The estimates of crew motion-induced dynamic disturbances are
ba<cd on simplified assumptions. Further study, simulation, and
in-flight testing are needed to establish a more realistic mcdel of
the crew motion disturbance profile. If these disturbances are more
severe than expected, major changes in the CMG torque and
momentum sizes will be required.

The ability of the laboratory's precision attitude reference to pro-
vide attitude sensing accuracy to 0.01° and rate sensing accuracy

to 0. 0006°/sec is estimated on the basis of the current technology.
More sophisticated studies and simulations are needed to determine
whether these requirements can be met when realistic error sources
associated with the hardware mechanization are taken into account,
Such a performance analysis must encompass the navigational
errors, mechanical alignment errors, and errors in the experi-
mental equipment and other sources, since these all contribute to
the performance capability of the system,

The feasibility of an inflight alignment and calibration method for
the attitude reference and experiment sensors should be determined.

This accomodation assessment has covered only the basic SCS
performance factors of attitude, rate, and orientation and, as noted
above, has not been substantiated by an in-depth performance
analysis. Such analysis would be beyond the scope of the present
study. Additional factors related to the SCS, influence the feasi-
bility and operations involved in performing these experiments and
should be studied further to determine whether changes to the
baseline SCS are required.
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5.4 COMMUNICATION SYSTEM EXPERIMENT REQUIREMENTS

Experimental demands on the data management subsystem, the rf subsystem,

and the ground network are presented below.

5.4.1 Data Management Suksystems Group

The requircments derived from the Mission Development Plan are divided
into two major data management systein functions. The first is the data
collection and storage fuaction inechanized in the baseline system by the data
acquisition, data adapter. and data recording systems for electrical informa-
tion and the facsimile and file systems for certain hard-copy data. The
second major classification is the central data processing and computing
function implemented in the baseline system by the IBM Saturn V computer.

The above separation is observed in the outiline of the following paragraphs.

5.4.1.1 Data Collection and Storage Requirements

As indicated previously, the definitive instrumentation data necessary to a
rigorous derivationof data management systermnrequirements are not available.
However, available inforination presents some details of 16 experiments
(principally the oceanographic measurements and the meteorological experi-
ments) indicated in Table 5-2. While this information does not provide a
comprehersive insight into the data storage loads and the time-line demands
on the MOKL data acquisition systems, it is useful for indicating gross

limits of tne data collection and storage requirements.

These experiments were obtained from the Applications Plan (Task II
Report). Specifically, they were the design evaluation and approval tests to
bc performed on the candidate instruments required for the oceanographic/
meteorologic oriented Application Plan. As such, these task requirements
do not completely test the capabilities of the data management system to
respond to the Experiment Plan (Task Il Report) requirements. Howe..r, a
representztive set of requirements was thus obtained and examined. This
type of analysis, which was similar to the SCS analyses of Section 5. 3, pro-
vided a better cross-section of experiment requirements than would have been

obtained by restricting the analyses to experiments in the Experiment Plan.
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If all meteorological measurements listed in Table 5-2 were to be made
simultaneously, the total storage capacity required for measurements taken
during a single orbit v ould be approximately 54 x 108 bits. Obviously, this

is an excessive requirement. However, the instrument list (Table 5-2, left
column) indicates many redundancies. It is, therefore, more logical to con-
sider the meteorological package as a group of subexperiments, each embrac-
ing three to four measurements. This has been done to permit the establish-
ment of realistic requirements in the absence of a time-line analysis of the

experiment package.

The cloud cover measirements, items 9 through 13, appear to vepresent a
worst-case instrument group. The maximum per orbit storage requirements
represented by this group is 84 x 103 frames cof video data and 50. 4 x 106 bits
of PCM. The 2.4 x 103 words/sec sample rate of the cloud-top temperature
measurement establishes the upper bound for the PCM multiplexer frequency
requiremert among the meteorlogical instruments. The nine-bit cloud top
temperature word is among the longest of the digital words necessary to pre-
cerve the desired accuracies of the meteorological experiment parameters.
Further reduction of the instrument data presented in Table 5-2 indicates the

following distribution:

1. Wozxd length: 50% consisting of 6 bits
50% consisting of 10 bits

2. Sample Rates: 50% at 1. 75 samples/sec
50% at 0.1 - 2.4K samples/sec

3. Storage: 30% at 40-500 K bits per orpit
30% at 1-8 M bits per orbit
20% at 35-70 M bits per orbit
20% at video data.

In addition, the attitude of almost every one of the instruments listed in
Table 5-2 must be adjusted relative to some known coordinate reference,
such as MORL coordinates, inertial space, and so forth. This necessitates
at least 3 command signals to each of the 40 instruments and an echo
reply to each command, for a total of 240 additional signals that mu-t be
stored with the sensed data. The accuracy of these signals, and therefore

the bits per word required to quantize the signals, must correspond to the
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accuracy and resolution requirements of the sensad data. Annther annotation
that must ve stored with the measured variables include date and time, labor-

atory position, .ncasurement number or series, and so on.

Information developed as part of the 48-hour time line accommodation study

Look II of this report) indicate the following istributions:

1. Word Length: 50% consisting of 1-10 bits
50% consisting of 11-18 bits

2. Saraple Rate:  30% at 1 sample/sec
69% at 1-25 sample/sec
1% at 1K sample/sec

3. Storage: 50% consisting of 3K bits/orbit
50% consisting of C. 7-3M bits/orbit

This analysis provides the following general characteristics upon which the

baseline data acquisition and storage system responsiveness assessment can
be based:

1. Word lengths required for sensor outpuat quantization are fairly
evenly distributed over a range between 4 and 20 bits per word.

2. Data poirt sample rates, necessary to preserve the desired
resoluticn of the sensors, renge uniformlv from 1 sample per
minute to 25, 000 sampies per sec.

3. The upper and lower storage capacity limits, imposed by the
sensois listed, are 3 kilobits and 75 megabits per orbit, respec-
tively. The total storage requirement is the product of this single
orbit memory requirement multiplied by the number of orbits of
occultation.

.In addition to the requirements for electrical information handling, both the

oceanographic and meteorological erperiments impose severe requirements .
for hardcopy experimental data storage. An estimate of the quantity of
photographs which can accumulate can ke based on the meteorological exper-
iments. Items 37 through 39 (Table 5-2) require an inirared camera.

Accuming a duty cycle of 40 min. per orbit, indicated for other such meas-
urements (for example, Items 9 through 13, Table 5-2), and a conservative

sample rate of approximatcly one photograph every 10 min. duriag the day-

side measurement period, as many as 60 to 100 frames can accumulace
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during a singlc occultation period for this one measurement alone. Ii this
data is to be hard-copied to the grourd, the number of photographs requiring
storage could reach 1, 500 within 2 resupply period (90 days) if the experi-
ment is conducted over the entire resupply period. A cursory review of the
additional experiments of the Experiment Plan indicate a number of experi-
merits which involve the generation of various types of hard-copy data (for
example 2032, 2028, 2041, 2147, 2151, 2153, and 2154). Hence, the

quantities derived above are quite conservative.

From Table 5-2 it can be ccncluded that much of the instrumentation will
require assembly, disassembly, and extravehicular installation. This will
necessitate a consid>rable amourt of briefing and library homework on the
part of the crew and, therefore, will affect the file and viewer subsystem,
and probably the up-iink facsimile function. Moreover, if the amount and
type of instrumentation indicated for these measurement aresas can be
regarded as indicative of that which car be expected in the other experi -
ments, it is probable that the orn-board file and up-link facsimile subsystem
requirements considered adequate for the baseline configuration will be
exceeded considerably by the Experiment Plan. This observation also
applies to the amount anau .ype of stored hard-copy information, up-link
instruction, and the sk:ll types as well as skill levels of the crew. Since
the magnitude of the problem is entirely subjective at this time, no specific

requirement definition is possible.

5.4.1.2 Central Data Processing Requirements

The responsiveness of the computer is measured in terms or the following:

1. Memory capacity.

2. Computational speed.

The requirements for each of the above are determined by the functions to

be performed by the computer, which include the following:

1. Sensor Control--Certain sensors require an on/off type of com-
mand, while others such as radiometers, cameras, and telescopes,
need to be positioned to a point in space relative to the MORL.-
centered coordinate systems. The coordinate transformations can




=S

be done either by analog or digital means, but for a large number
of sensors (10 or more) the central cr.mputer approach would
probably save a significant amount of hardware.

2. Data Sampling--This is more of a data acquisition functicn than a
computer function. The coraputer, however, would be expected to
provide programmed control or selection of some of the sensors to
be interrogated.

3. Telemetry Storage Forecasting--Any translation of data formats,
for instance, telemetry code, would be done by the computer.

4. Housekeeping--Normal checks on power supplies, air pressure,
inventory, and sc forth.

5. Orbit Navigation--Solution of the equations of MORL orbital moticn,
the equations containing simplified expansions of the gravitational,
and drag models.

6. Rendezvous, Docking--Computation required as backup 1n rendez-
vous and docking of the logistics craft with MORL.

7. Simulated Exeicises--Rendezvous, re-entry, a2nd docking simula-
ted exercises to maintain proficiency of the crew in these areas.

8. Experiment Data Processing--Data processing associated with the
reduction, corr=lation, and analysis of experimental data.

The cornputational storags and rate requirements established in Phase II-A
for the above functions are shown in Tables 5-3 and 5-4, respectively. The
requirements associated with Items 1 through 7, which essentially can be
considered operational functions, comps r> with similar requirements from
such programs as Titan, Gemim, OAO, aund Saturn, and, therefore, are

reasonably representative.

It is concluded that it would be inappropriate to attemgpt to hypothesize data
processing requirements for the experiments considered in this study for

the following reasons:

1. The level of the experiment detinition is not sufficient to facilitate
the derivation requirements of the individual experiment to any
acceptabie degree of confidence.

2. The degree to which data processing for the various experiments
should or must be done on board is not defined.

3. The extreme sensitivity of processing requirements to coincident
processing needs indicates the necessity for exper.iinent time-line
specification, which is nct available.

L
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PHASE II-A COMPUTATIONAL STORAGE REQUIREMENTS

(Equivalent 13-Pit Instruction Words)

Auxiliary
Item Function Permanent Tempnorary Memory
1 Navigation T00% 700
(rendezvous) 2, 75¢
2 Monitor 2, 400 2,400
3 Checkout 3,000 47, €0C
4 Simulation 750 50
5 Executive routine 425% 425
6 Computational 1,175
subroutines 1,175%
7 Insert/display 1,000 1,100
8 Diagnostic 750 750
9 Tape routine 350= 350
10 Communications 300 300
11 Experiments 450 20, 000%=*
{concurrent) 4, 400
Total 9, 850 8, 600 78,300

ot

% Stored redundantly (double number shown)
#*%* Total for experiements
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Table 5-4

PHASE iI-A COMPUTATIONAL RATE

Estimated Add-Type

Item Function Rate Basis Operations per Min.
1. Naviga.ion One program
iteratioa/min. 3, 450
2. Monitor 200 signa!/min. 2, 400
3. Exp. B2 Function generation
at 10/sec 72, 000
1. Exp. J2 Two program
iterations/min. 120, 000
5. Input/output I-O maximum rites
DCS 5.7 words/sec 3, 750
DAS 40 wcerds/sec 19,200
Insert/display 2 characters/sec 9, 850
Typewriter 15.5 characters/sec 1,080
Tape 500 words/sec for
maximum of 10 sec 55, 000
Total 286, 730 Ops. /min.

or
+

4, 780 Ops. /sec.

4, 780 Recommended

for growth

9,560 Ops. /sec




£.4.2 RY Subsystems Group

There is a problem in determining the impact of the experiments on the RF
subsystems because, to a large extent, these influences are filtered by the
data mianagement cubsystems group. For instance, although a high volume
of stored PCM data is indicated in Section 5.4. 1, the PCM load problem can
not directly affect the telemetry transmission subsystem because the play-
back rate of the tape recorders is only 76. 3 k:lobits per sec (Kbps). Simi-
lar considerations apply to the identified requirement for recorded voi:e
and recorded video. However, if the baseline data management group is to
be modified to meet the new requirements, the extent and/or nature of the
modif . cations must be considered in conjunction with the baseline RF sub-

systems capabilities. The following problem areas are identified:

1. Recorded Video--Recorded video can have only a 2. 16 mc video
bandwidth (baseline real-time video bandwidth) to be compatiblz
with the radio bandwidth of the baseline videc transmitter (10 nic).
The video bandwidth is based on 2 video horizontal resolution
equivalent to 375 TV lines (number of elements in a horizontal line,
500, divided by the aspect ratio, 4:3), 500 lines per frame, and a
frame rate of 15 frames per sec. Although the frame rate may be
sufficient for many experiments, the resolution certainly is not
consistent with the requirements in some cases (for example, 1, 000
lines per frame: Experiment 768 of the meteorological group).

2. Film Scanning--The baseline film scarner can accommodate neza-
tives up to 9 by 9 in., whnich are the maximum dimensions indicated
in the experiments considered (for example, Experiment 255 of
oceanographic group). However, the resolution capability (2, 048
lines/frame) falls far short of the indicated requirements (for
example, 1,000 lines per mm or approximately 2.25 x 10° lines
per frame). Additionaliy, no provision is made for . toring the
video information from the scanner system.

3. Recorded Voice--The previously identified requirement for a high
bulk of recorded voice information would indicate the necessity for
an analog channel of approximately 30 kc bandwidth. This is based
on the assumption that the recorder playback rate is speeded up by
a factor of 10to ensure playback within dump opportunities and,
thus, eliminate tape overflow. This channel cou’d be handled by
the telemetry transmission system if time-sharing with certain of
the other T/M subcarriers (in other words, the two 76. 8 kbps
PCM, the 640 bps PCM, the 2.4 kbps PCM, and the 1.0 and 2.0
kcps analog channels) were permitted. System modifications
would be required to facilitate time-sharing.

e




The follewing *wo other items are worthy of discussion:

1. Because of the ¢ wnplexity of the experiments, the necessaryv close
coordinatiol of widely separated crewmen, and the time ani incon-
venience related to moving from one section of MORL to another,
the application ot the closed-circuit television to other than behavi-
oral assessment and extra-vehicular monitoring is deemed advisa-
ble. For instance, coupling the television monitor with an auto-
mated file system would greatly impsove the utility of file data and
allow simultaneous viewing of the data by widely separated crewmen.
Resolution problems must be considered and additional monitors and
cameras probably would be required.

2. Because of the long crew stay times in orbit. it may be beneficial to
provide off-duty ground-to-MORL radio communications on a non-
interference basis with the regular voice subsystem. This could
readily be provided at minimal cost via a ham syste. 1.

5.4.3 Experimental Aspects of the Ground Network

Experiments impose the following three specific requirements on the ground

network:
1. Navigation accuracy (tracking).
2. Telemetry dump time.

3. Command (up-link).

Navigation accuracy requirements imposed by various experiments are

identified in Table 5-5.

The telemetry dump requirement is quite severe. In the absence of a comn-
prehensive time-line of the experiinental activities, it is not possible to
identiiy the exact impact on the ground network. However, recognizing that
the medium rate recorder can accommodate only 128 min. of recording

(18. 432 x 106 words, of which orly 3.3792 x 106 words are available for
experimental purposes), the data storage rate (8.3 x lO6 words/orbit) asso-
ciated with the cloud-cover measurements of the meteorological experiment
group alone would require 32 ruin. of dump time approximately every 0.5
orbits. If a quasi-statistical approach is taken using the information given
in Section 5.4. 1.1, the result is as follows. The average of the weighted
average storage rates fo: the oceanographic and meteorological experiment
groups is 0.8 x 106 words/orbit. Therefore, 32 min. of dump time must be

accommodated by the grourd network approximately every 4. 25 orbits.
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For experimental purposes, sensor pointing angle commands, such as

required by the oceanographic experiments, e¢stablish command opportunity
requirements. However, the commands can and must be issued in conjunc-
tion with tracking. Therefore, if the network satisfies the tracking require-

ment, it also satisfies th» command requirement.

5.5 EXPERIMENT ACCOMMODATICN O THE COMMUNICATION SYSTEM

5.5.1 Data Management Subsystem Group

In the foregoing sections the MORL baseline data management subsystems -
capabilities were stated briefly and the results of a system requirements
analysis were presented. While the specific measurement areas considered
by no means approach the total postulated in the Experiment Flan, they

establish requirements that, in some areas, tax the baseline systems to the

th2* is well beyond baseline system capabilities.

extent that their operativn is, at best, marginal, and, in others, to an extent I
Table 5-6 shows that the baseline system fails to meet the requirements, .E.
represented by the experiments investigated, in all important areas of the

Data Collection and Storage subsystem. This point is further illustrated in

the channel-by-channel comparison of requirements versus capability of

Table 5-7. Since no time-line analysis was available, the channel and stor-

age requirements for the various sample rates indicated represent a simple
summation of those listed in Tatle 5-2 and those drawn from the 48-hour .
study. The storage and routing of a considerable quantity of up-link DSC
data imposes further burdens not included in the tabulation (Tables 5-6 and

5-7) on the data colleccion and storage subsystem.

Information presented ir Tables 5-6 anc 5-7 indicate the extent of the effect
of the r.ew requirements on the baseline data acquisition, tape recording,

and data adapter systems. Less obvious are the effects of hard-copy hand-

pa——

ling and storage requirements of the experiment packages investigated.
While little information is available for establishing firm requirements for

hard-copy data handling, the oceanographic and metecrological measurement

L e B
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Table 5-5

EXPERIMENT NAVIGATION REQUIREMENTS

Experiment Application®-« Approximete Position
Numbe r= (A and/or B) Accuracy Requaired (nmi)#t

252 A/B 0.33
255 A/B 0.33
257 B 0.3
258 B 0.33

2,011 A 1to .0

2,013 A 1 to 10

2,022 A 1to 10

2,146 A 1 to 10

2,147 B 15

2,148 B 3

2,146 B 15

2,150 B 15

2,15° B 15

2,155 A 1 to 10

2,155 o I to 10

2,156 A 1to 10

2,157 A 1to 10

2,159 A 1 to 10

* Refer to Experiment Plan (Figure 3-2)

B--for determination of sensor pcinting angles.

** A--for correlation of experiment data with position.

s%% Requirements presented as equivaleut spherical position accuracy.
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Table 5-6
SUMMARY OF BASELINE DATA MANAGEMENT SUBSYSTEM
CAPABILITIES AND NEW MISSION REQUIREMENTS

Baseline System New Mission
Capability Requirements
Maximum sample rate 120 S/sec without 2.5 K S/sec

cross-strapping

PCM storage 2.2 x 108 infor- 10.0 x 108
mation bits information bits

Video storage None 84 x 103 frames

Audio storage None 1 tape channel

(minimum)

Hard-copy storage None indicated 500 to 1,000
photographs

areas suggest a possible photograph storage problem. The total nuraber of
photographs which can accumulate over a 90-day resupply period can easily
exceed 1, 000. One thousand photographs would require about 4 cu ft of
storage volume, and could be easily accommodated aboard the MORL.
However, the return of this material aboard the Apollo command module

may impose some problems.

5.5.2 Navigational Aspects of the Ground Network

The navigation accuracy requirements imposed by various experiments were
identified in Table 5-5. It is seen that although the majority of the require-
ments are within the capability determined in Phase 1la (Reference 4)

which was determined to be £0. 05 nmi. at the time of an orbital fix on a

ground site. The error increases with time after the fix but is still within
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0.33 nmi after one orbit; therefore the requirements of Table 5-5 ¢ .n be
satisfied by the baseline retwork [or the 50° case. Time phasing of experi-
ments to minimize the error growth owing to ephemeris prediction inaccur-
acies may offer a solution in some cases. St'll greater requirements would
necessitate either a more optimum tracking netwerk {more sites, located

approximately 45° apart along the orbit) or ar .ther navigation technique.

The dump time requirements (see Section 5. 4. 3) cannot be met by the base-
line network for either the 50° mission or the 90” mission. The synchro-
nous mission is unique in that it offers continuous contact time. Therefore,
the navigation and dump requirements could be met from a time point of

view.
5.6 SYSTEM MODIFICATIONS

5.6.1 Data Management Subsystems Group Modifications

Three principal approaches for the fulfillment of the experimental require-
ments are available, singly or in combination:
1. Requirements can be met by redefining the mission to remove
excessive system demands.

2. The baseline system can be upgraded by the addition of hardware
in some subsystems to expand system capabilities in the more
critical areas.

3. An entirely new system can be designed.

Evaluation of these approaches and tradeoffs among them must be con-
sidered in light of the facility with which each approach can be pursued, in
other words, dollar cost and technological risk, and the consequences of

each on total system capabilities.

5.6.1.1 Mission Redefinition and Mission Compromise

Many of the experiments now defined for MORL could be redesigned to
enable the baseline system to support the experiments at the cost of only a
minor compromise in the experimental goals. For example, it is possible

to relax the requirements imposed on some of the instrumentg in the
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Table 5-7

BASELINE COLLECTION AND STORAGE CAPABILITY VERSUS
REQUIREMENTS (PER CHANNEL BASIS)

Sample Rate Channels Storage (bits/orbit)
(samples/second) Required Baseline Required Baseline
1760 35 95 Not Availabie 9.8 x 107
1/6 N. I. 41 N. I 4.3 x 105
1 14 46 73.6 x 103 2.8x 106
5 31 13 70. 7 x 106 3.9 x 106
190 6 None 6.0 x 10* None
20 15 None 0.9x lO6 None
25 25 None 7.5 x 104 None
35 10 None 8.4x 106 None
40 N.I. 11 N. L 3.3 x 106
75 5 None 0.5x lO6 None
120 N.I None N. L None
150 4 ' None 1.3 x 10° None
300 5 None 3.6 x 106 None
1 x 103 1 None 2.6 x 106 None
2.4 x 103 <. None 1.4 x 107 None

meteorological measurement package, replace them with other less

demanding instruments, or omit some entirely without completely negating

the purpose of the experiment.
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However, it appears that this approach .s not worthwhile since the baseline

systen: cannot accommodate the requirements of Table 5-5 and 5-6. There

requirements cannot be significantly

experimental goals.

5.6.1.2 Baseline System Upgrading

The maior baseline system areas re

relaxed withou: compromising their

quiring modification are the followin

1. The hard-copy data handling function niechanized by the file and

facsimile systems.

2. The data acquisition and data adapter systems.

3. The central data processing systern.

It has been shown that the parameters dictating the extent of the file and

facsimile systems are insufficiently

be sized at this time. However, an important capability that could be incor-

well defined to permic these systems to

porated into an upgraded or reconfigured file and facsimile system can be

identified. This is to be able, at any remote console, to call up certrally

stored hard-copy and to have it displayed automatically at the console.

While the data acquisition systern contigured in Phases I and IIa allowed

for a growth contingency beyond the

then defined telemetry requirements,

no provision was made, other than limited cross strapping, for sample

rates in excess of 120 per sec, or word lengths greater than six-bits in

magnitude. Clearly (Tahle 5-6), these limits have been exceeded. More-

over, the simple provision of additi

matrix) and doubling or tripling the

onal multiplexers (an 8 by 8 switching

basic clock frequency is not sufficient

to meet the increased data sampling load either in terms of total sensors

sampled or sample frequency. In s

as determined by these analyses, are beyond those which can be attained by

hort, the capabilily increases required.

simply adding to or enlarging the present system.

5.6.1.3 System Redesign

A basic ground rule of the previous

MORL studies required that the data

nanagement subsystem group be configured on the basis of current tech-

nology or off-the-shelf hardware.

Technological advances since Phase Ila,
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Figure 5-4. MORL Communication and Telemetry System — Alternate Configuration

primazily in microcircuitry, make possible a system concept, illustrated in

Figure 5-4, that could overcome some of the baseline system problems

previously specified er implied.

The basis for this concept is the fact that information collecting and format-

ting is common to all communications and data n.anagement functions. It

is, therefore,

proposed that all subsystem groups share a single, common

information collection and exchange unit central to the communicaticn and

data management system. The central programmable data acquisition unit

provides all necessary multiplexers and buffer registers.

Local analog-

digital/digital-analog conversion, with an all-digital internal data distribu-

tion system, is proposed instead of central, time-shared conversion.

This

is justified by projected developments in micro-integrated analog-digital

converters.
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The baseline MORL svstem assumed that operational data rates would be
relatively low and would rcquire continuzus monitoring while experimental
information rates would be higher and sampled on an int«rmittent command
basis. The data acquisition system that resulted used a trinle channel con-
cept, with Low, Medium, and High rate channels. Separation of the data
channels on a speed basis alone appears to irnpose severe cost penalties in
unnecessary duplication of hardware. However, some justification exists
for consicering separate channels for continuous and intermittent data.
Again, advanced technology, in this case, ‘mproved multiplexing techniques,
higher speed central encoders or local (signal source) cunversion, and
higher buffer memory (tape unit) speeds suggest the possibility of a single
telemetrv data acquisition channel of sufficient bandwidth to faciiitete the
continuous monitoring of those information sources requiring it, as well as
permitting interruptions to accommodate intermittent data without exceed-

ing tolerable truncation error limits.

A single channel telemetry input can become attractive in the light of the
probable need to increase the down-link PCM bit rate to accommodate the
high volume of PCM data previously indicated. Items limiting this bit rate
are, of course, the telemetry transmitter itself, (for instance, bandwidth)
and the buffer memory read speed. Both areas require re-examination.

Of course, all subfunctions mechanized in the baseline system must be
re-appraised with a view to improving their mechanization by incorporation
of advanced techniques. The data management system is singled out because
of its broad system impact. An expanded computer capability will open the
possibility of on-board experimental data reduction and an improved data
compaction capability that would, of course, affect the entire telemetry and
data acquisition system design. Table 5-8 indicates current computer tech-

nology, as well as technology for the 1970 to 1975 time period.

In summary, the design review of the data management subsystems group
has suggested that the effectiveness of the fcllowing items be evaluated with
a view toward increasing the data management system capacity:

1. Single programmable data acquisition and distribution function
central to all other subfunctions.
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2.  An zll-digital dala distribution bus with local (signal source)
an~log-digital conversion.

.1 single data channel telemetry funcvion with interrupt capability.

4. On-board operational and experimental data reduction function.

In summary a general purpose system, meeting the specifications of Table

5-9 is called for.

A preliminary market survey indicates that the parameters specified in

Table 5-9 are readily attainable applying a 1970 techr.ology projection.

No changes to the baseline RF subsystems group are proposed, beyond those
previously discussed, for the following two reasons:
1. The gain margins for the various subsystems are satisfactory for
the 50° and 90° inclination missions.

2. Any modifications to the RF subsystems group to enhance respon-
siveness must be predicted on changes deemed necessary for the
data management group and the ground ne-work as indicated previ-
ously. Thereiore, the exact nature of the modifications must be
held in abeyance until total systems re-optimization is performed.

Use of the unified RF carrier philosophy should be considered for MORL.
The relative case associated with time-sharing of bandwidth renders this
concept much more flexible than the baseline system and, therefore,

fund-mentally rnore responsive tc a wide range of requirements.

5.6.3 Ground Network

From the previous discussions it can be seen that the baseline network is
only marginally adequate for teiemetry and, in some instances, for track-

ing as well.
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Table 5-9
NECESSARY DATA MANAGEMENT SYSTEMS SPECIFICATIONS

Item Specification
1. Continuous transmission system confidence checking.
2. Automatic and manual routing of data--512 sources and
destinaticns.
3. Variable sample rate: 5

2.0 x 103_5 data point samples per second s 10~
0.5 x 1077 < data_point sample period,
seconds = 107 (10° sec 1 day)

4. Variable sample word length: -
4 z data sample magnitude bits per word = 16
5. Variable data point reporting rate: (manually alterable)
every 10 sample (n=20, 1, 2, 3.) !
6. Variable on-board quick-look monitoring: (manually alterable)
every 10 sample, (n=0, 1, 2, 3.) s
7. Multiple stored rauitiplexing and formatting programs )

4 programs with automatic and manual branching -
from program to program '

8. Total of 512 addressable, rack-inounted data points
Information accessed at data point addressed is
a function of equipment mounted in rack

9. Variable memory word format
Programmer may use 16 different word formats for
vacking the differing data word lengths so that all
memory bit positions contain meaningful information

oo nd

10. Fcur interrupt levels--memory interleave.
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Several expanded networks have been investigated as indicated previously.
Table 5-10 indicates the various duty-cycle parameters for ¢ach network
with the baseline values included fo1 comparison (50 inclination mission).
Hawaii aippears as a logical addition to the baseline network, in that it has a
low maximum occultation period and 2 sufficient average contacr time per
day at least for low-rate recording. It aifords a relatively high number of
successive tracking opportunities that should improve the maximum and
average navigation accuracy situation. Additionally, Hawaii is located
approximately 30° (longitude) from Cape Kennedy which is near cptimum
(90°) for ephemeris error recuction based on ‘racking by twe sites. As was
pointed out carlier, Guiaymas :iust he added in addition to Hawaii to afford
sufficient coverage for the 90° inclination mission. However, for either
mission, the i.2twork modification above is not the only solution for the high
telemetry loads; the telemetry recording systen: and the RF telemetry link
also contribute to the problem, and the resolution must consider a compro-

mise between all three factors.

5.7 CONFIGURATION/STRUCTURE SYSTEM

The configuration and structure design of MORL was reviewed in the light of
the Experiment Plan requirements. The following changes are recommended
to fully accormmodate the experiment requirements:
1. A new console and operator control panel should be installed in the
hangar section.
2. The laboratory scientific console should be enlarged.

3. A thermally controlled structural frame must be designed to
accommodate those experiments having tight pointing requirements.

5.7.1 Configuration Analysis

The requirements of each experiinent listed in the Experiment Plan were
reviewed to determine the msjor equipments needed, where the experiment
would be conducted aboard MORL, and what limitations MORL imposed
upon the experiment. This information is presented in Table 5-11. As
shown in this table, most of the experiments can be accornplished without

changing the configuration or the experiment itself.
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5.7.1.1 Hangar Deck

The hangar deck console is necessary since certain of the equipment oper-
ating in the airlock will require close control not suitable from the more
remote position at the scientific console on the cperations deck. The con-
sole should he capable of having the standard lahoratory measurement
apparatus mounted interchangeably with the scientific console for efficient
use of the equipment. In addition, it should bu capable of rapid and simple
exchange of unique experiment equipment, such as control And data panels
associated with single experiments. The conscle must be sufficiently large
for one operator; it is desirable for it to be large enough for twc operators
for greater flexibility and simultaceous opeiration of two or more experi-
ments. The sizing should be similar to the consoles in the operations deck,

and the MORL dimensional setup will be satisfactory.

The pointing and tracking telescope (PTS) is used in conjunction with numer-
ous other experiments, some of which are located in the airlock. These
experiments prever.‘ the installation of the PTS in that location. Neverthe-
less, the PTS should be near the experiment airlock and should be mounted
in such a way that it may point in the same direction as the earth-centered

experiment sensors. Mounting alignment with the attitude reference system

is also necessary.

5.7.1.2 Operations Deck

The MORL scientific console is actually in two parts, one part contains the
maintenance and laboratory troubleshooting appz ratus, and the other is used
for setup and operation of experiments. The latter is a one-man operators
console. The work load on a single test conductor for multiple sensor
experimentation such as IR, microwave radiometry, and the radar experi-
ments is quite high because three experimen.s must be controlled simultan-
eously during the short time duration the target is available (approximately
10 min. over any given target). Therefore, additional scientific console
space is ne:zessary to allow two or more operators to work simultaneously
during pexk experimental loads. The hangar deck consoie may be used for
some of these requirements, but additional console volume at the scientific

work station is necessary.
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5.7.2 Structure Analysis

The basic structural system of the laboratory is adequate to meet the
requirements of the experimental program. Certain experiments will
undoubtedly require attachments, deployment means, feedthroughs, or ther-
mal control which are not provided by the basic structure. These are
thought to be minor modifications that caa be solved by the detailed

experiment/structure designs and do not lead to structural problems.

The single modification of the laberatory structure syster: i= inade neces-
sary by a series of experiments which require installation of ser:ors with
extremely precise directional requirements. The sensor positiorn.1 and
angular tolerance must be maintained not only with respect to the vehicle
attitude reference system but also with respect to vther sensors during all
phases of the flight regim.:. The detailed requirements of the integrated
sensor structure are noted in Book II of this report; the prime requirements
are extreme rigidity, dimensional stability under the space thermal ~nviron-
ment, high accuracy with respect to the vehicle attitude reference system
(ARS), vernier adjustrment of the sensor mountings, and means for optical
check of sensor/ARS alignment. Although the actual vehicle structure may
not be required to meet the sensor installation capability outlined above, th:
structural system must permit such auxiliary structure to be installed;
therefore, modification to the basic vehicle structure will be necessary fo
support those experiments which have the noted installation restrictions.

The following two approaches are recommende d:

1. Install a thermally controlled iategrated structural frame to the
vehicle exterior following launch and orbit injection.

2. Install the thermally controlled structural frame inside the vehicle
with means of opening deors or removing pancls to reveal the sen-
sors to the space environment.

Both approaches will be evaluated in Task IV of this study.
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ADIATION ANALYSIS

Space vehicles are subjected to a radiation environment composed of charged
particles from galactic cosmic rays, trapped radiation belts, solar flares,
as well as neutrons and gamma rays frora on-board nuclear scurces. These
radiations may constitute a major hazard to crew members; therefore, the
shield weight required to reduce the corresponding radiobiological dose to an
acceptable value may be a significant factor in the vehicle design. The
radiation shield analyses conducted in Phase Ila indicated that large shield
weights were required for some missions and alsc that considerable uncer-
tainties were present in these analyses. The Phase IIb radiation analyses
were conducted in an attempt tc reduce these uncertainties and to improve
the overall shield weight requirements by judicious placement of the shield
materials. To accomplish this, a shield optimization program, Shield
Weight Optimization for Radiobiological Dose (SWORD), was developed with
Douglas IRAD funds. This computer program was subsequently used under
the MORL contract, in conjunction with other analyses, to establish updated

shieiding requirements.

The mission requirements ‘mposed on the MORL by the Task Il analysis
could be satisfied by operating in a 50° or 90° inclination orbit at a 200-nmi
altitude or a synchronous orbit at a 19, 350-nmi altitude and a 28. 3° inclina-
tion. The radiation environment at these three orbit conditions was deter-
mined and the shield weights required to reduce the radiation flux to
acceptable dose levels were calculated. The results of this analysis show
that, with the environment described and the dose criteria specified, the
MORJI. can acconuucdcte the 50° low-altitude mission by adding orly 165 1b
of shielding material to the top dome of the laboratory. This shield would
probably be provided by increasing the effective thickness of this aluminum

structure by 0.02 in. The resultant shielding would provide adequate

| PRECEDING PAGE BLANK NOT FILMED. ‘i
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protectior for a l-ye«r miission, including the dose delivered by 2 major

.olar flare events.

The polar mizcion at 200-nmi altitude was analyzed and found to require
1,820 1b of shielding material to provide adequate protection for ai average
crew stay time of 6 months. This shield could be implemented by adding
0.21, 0.39, and 0. 06 in. of polyethylene to the laboratory bottom, sides,
and dome top, respectively. The shield could al=0o be affected by increasing
the aluminum ctructure thicknese suificiently to .dd the same weigh. of
material at the above locations. The thickness of aluminum required would
be about one third that of polyethylene because of the density difference.
These shield weight requirements could te reduced to only 330 Ib by incor-

porating a biowell to provide protection against the occurrence of the inter-

-4

mitten. solar flares. However, at this timme the use of the biocwell would not

s

be recommended bzcause the payload capability of the Saturn V launch

vehicle payload for this mission is large enough to permit weight increases

P—

to gain operational flexibility and convenience.

The synchronous mission was also examined and, on the basis of the present

& oo ‘

analysis, was found to require excessive radiatior shielding; therefore, the
MORL should not be committed to th.e synchronous mission until further
studies are completed. When the nominal value of electron flux av this alti-
tude was used, the required shield weight was found to be in excess of 20
tons. Further, because of an uncertainty in the order of magnitude of the
electron flux at this altitude, the resuitant potential variation in shieldweight .
requiremenrnts is currently fzoin 4,400 1b to 110, 600 1b. The large nominal ‘ ;
weight requirement, when added to the weight of the basic MORL is beyond .

the capail ity of the Saturn V laboratory launch vehicle. Ewven if the shield {
is delivered by logistics vehicles, the addition of shielding maturial, 10 in.

cr more thick, to the labcratory walls seems out of the questioun, ] .

The nominal shield weight required (40, 000 1b) represents a significant

increase over the requirements previously reported. This inc: case is the ‘ * ’
result of a number of improvements in the anaiytical method. The dose x
received increased from the Phase Ila calculations as shown cn the following H "
page. ‘

H
e
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Increase
Item Factor

1. <hange in the ncrmalization of incident electron

spectrum. 1.4
2. Improvead low-energy bremsstrzhlang flux tc dose

conversion factors. 3.0
3. Modification to electron transmission calculations.
4, Corrections to bremsstrahlung dose buildup

formulation. 2-5

The net result of these increases is shown in the dose attenuation curves of
Figure ¢-1. The relationship between the dose received by a man-model as
a function of the area density of shield material is shown frorm the Phase Ila
and the present analysis. An all-alurairum shield was assumed for com-

parison purposes. The shield deusity (gm/cmz) is proporticnal tc the total
shield weight and shield distribution for a given configuration. Tbhus, it can
be seen from Figuse 6-1 that there are significant relative differences in

the shield material required to attenuate the flux to a given dose level.

The conclucion is that the preseni MORL concept cannot be confidently
commiiited to the synchronous mission until further analyses are compgleted.
These inalyses must define the magnitude of the radiation environment at
synchroaous altituae and must also determine the feasibility of incorporating
large ~hield weights in the MORL des-gns. Specifically, the following areas
of study are recommencid: (1} determine the minimum volume that must be
shielded and that can still accommodate the mission requirements; (2) study
the effectiveness of using on-board materials, such as water and propeliant,
as inherent radiation shielding; (3) evaluate the effectiveness of personal
portable shields; {4) study the use of laminated shields, including the means
by which they would ke resupplied and installed in orbit; (5) critically
evaluate the possibility of relaxing the allowakie dose criteria; and (6) define

the electron flux levels at the synchronous altitude.

<
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6.1 RADIATION SOURCES AND UNCERTAINTIES

Radiation shielding analyses included the effects of several radiation scurces

contributing to binlogical dose tevels:

1. Potential On-Beard Sources--Neutron and gamma radiaticns from
an isotope power system.

bRV

Space Radiation Sources--Protons from a model solar flare, geo-
magnetically trapped protons, geomagnetically trapped natural and
artificial electrons, and electron bremsstrahlung.

6.1.1 Potential On-Board Source

Originally, the objective of the Task III analyses was limited to assessing
the responsiveness of the MORL configuration deveioped and defined at the
end of the Phase Ila study. This baseline configuration does not include
significant on-board nuclear sources. However, consideration is being
given to ch2uging the solar panel electrical system to an isotope/Brayton-
cycle power system. To present a comprehensive radiation analysis of the
MORL which will continue to remain valid even if the power system change
is made, the Task III radiation analyses deviated from the original study

objective by anticipating the change.

The geometric and material characteristics of an isotope/Brayton-cycle
power system were included in the qu~dric-surface geometric descriptions
of the MORL vehicle. Neutron and gamma ray fluxes within occupied
regions of the vehicle, resulting from radiation leakage from the fuel block,
were computed by integrating point-to-point attenuation kernels over the
source volume. The neutron and gamma source strengths represent the
maximum values attained over the design operating lifetime, assuming an
initial power level of 43.2kWt (11 kWe). Neutron aitenuation through
source, shield, and vehicle materials was computed within SWORD by a
modified Albert-Welton kernel; gamma attenuation was computed by a five-
energy-group exponential kernel with build-up corrections. The SWORD
capability to compute single scattered fluxes was not used on production

computations since scattered fluxes were initially found tc be negligible.
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6.1.2 Space Radiation Eavironment

The space radiation to which the MORL is exposed is a combined result of
the orbital motion of the vehicle and the local radiation characteristics of

regions of space traverced by the MORL.

Te account for the effect of the MORL passing through locally varying
rzdiation environments, a computer program called CGRE was used to deter-
mire an average radiation environment for each orbit to be studied. In
essence, OGRE integrates, point-by-point over the entire orbital path, the
flux spectra v.1lid orly at local points. This integration results in an aver-
age flux spectrum representative of the average conditions to be encountered
aiong the orbital path. Tables B-2 to B-6é in Appendix B represent the o“tput
of OGRE and the average radiation environment in the low altitude (:'c0 nmi)
and synchronous crbits. The effect of natural and artificial eliectrons, as

well as the effect of solar flares, is included in this model.

The majsr uncertainty in the data of Tables B-2 to B-6 can be attritured to
inadequate data on the deray of artificial (Starfish) electrons and or the

magnitude of the trapped eleciron flux at high (synchronous) altitudes.

By agreement with NASA/LRC, it was 2ssumed that Starfish electrons at
200-nmi altitudes will have deczyed by the 1971 MORL launch date. How-
ever, for a complete analysis, calculations based on the following, more

pessimisiic model of Starfish electron decay were also performed.

In this model, artificial electron decay is assumed to be a strong function of
atmospheric densily. Thus, as atmospheric density varies with solar acti-
vity, electron Jecay rates also vary with solar activity. The following

me chanism can be postulated to explain this phenomenon. The ll-year solar
activity cycle causes periodic changes in the heat flux incident on the atmos-
phere, with consequent expansion and retraction of the atmosphere. Thus,
as the solar cycle approacbes its next maximum in 1968-196Y, individual
particles which make up the atmosgl 2re are moved out and further away
from earth. The net etfect is a decrease in atmospheric density at low

(50 to 60 nmi) altitudes and an increase at higher (200 nmi) aititudes, The
higher atmospheric density will tend to sweep out artificial electrons at

'
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the MORL (200 nmi) altitude, but will not persist long enough to completely
eliminate Starfish electrons. The solar cycle will once again 2pproach a
rminimum (1974), and wiil cause the atmosphere to retreat toward Earth,
Thus, once again upper-altitude air density will be too low to allow rapid
clearing of artificial electrons. Of course, after a sufficiently large number

of solar cycles, essentially all artificial electrons would bz swept oat.

The practical difference between the above views of artificial electron decay
is that, in the first case, complete decay is assumed by 1571, in the second,
only a decay te z2bout 16% of the 1963 levels is assumed., Resulting flux

spectra are given in Tables B-Z to B-6.

If artificial electrons are assurned to decay to negligible values, natural
traped electrons become the dominant electron radiation source at low
altitudes. The intensity of the natural electron radiation source is kno'vn
only viithin an order of magnitude. However, basedon eventhe mostconser-
vative assumptions, shielding requirements were found to be dominated by
the trapped protoun and solar flare proton dose. Thus, the natural electron

sorrce unceiltainty is not important.

The uncertainty in the trapped electron flux at high altitudes /sy:.chronous
orbit is a result of a lack of good data and the existence of sporadic short-
term variations., These two factors prohibit specifying with confidence the
high altitude electron flux to within less than plus or minus an order of
magnitude. Thus, calculations for the synchronous missions were based on
large parametric variations in assumed source intensities. The nominal
electron flux used for the synchronous mission is presented in Table B-3,
The basic dese versus shield thickness attenuation relationship is shown in
Figure B-4. The trapped proton dose is not shown, since it is negligible at
this altitude. Other pertinent dose attenuation characteristics for different

missions and shield thicknesses are shown in Figure B-3 and B-5 to B-8,

All the dose attenuation data for trapped radiation are shown for an exposure
of 1 year. To account for varying amounts of time crewmen spend in differ-
entareas of the MORL, these data were modified by suitable weighting factors

derived from timeline analyses,
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In addition to a careful study of the above source uncertainties, the current
radiation analysis results differ from previous (Phase Ila, Phase IIb Interim
Report) results in the following respects. A new electron-bremsstrahlung
dose attenuation curve (Figure B-4) was constructed icr the synchronous
mission. The bremsstrahlung portion of the curve (that portion beyond a
shield thickness of 4 gm/cmz) is apprcximately an order of magnitude higher
than that used in previous analyses. This change is the composite effect of

the following modifications:

1. The differential energy spectrum of ti.e incident electron radiation
was changed and resulted in an increase in the total electron source
which directly affected the amount of bremsstrahlung produced,
since this secondary radiation is directly proportional to the elec-
tron source. The resulting effect was ic increase the dcse result-
ing from electron radiation by a factor of 1.l over that used in the
Phase Ila analysis.

2. The bremsstrahlung flux-to-dose conversion factors were modified
principally in the low-energy (keV) region. ‘These factors., which
convert the radiation flux values to biological dose rate units at a
detector point, were determined more exactly in the low energy
region, resulting in an increase in the dose rate at the shield
densicies of interest by a factor of three.

3. The electron transmission calculations were slightly modified.
These calculations deal with the number of electron penetrations
of a given shield material. The eifect of this change was to
increase the bremsstrahlung dose contribution by a factor of 1.1
over that previously used.

4. Ths bremsstrailung dose huildup formulations which account for
the scattered component of the radiation were corrected. The
effect was to flatten the curve for dose as a function of shield
thickness in Figure B-4 in the first portion of the shield thickness.
The resulting increase in dose received over that previously used
in Phase Ila is from a factor of two to five, depending on the shield
thickness considered.

It should be pointed out that the present state of the definition of the radiation
environments and details of the analytic techniques by which these fluxes are
attenuated through shields and converted t< dose are to some exte: contin-
ually changing, The four modifications described above are part of this

process.

{
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The next effect of th: se changes was an increase in MORL shield weight
requirements. In view of the large uncertainties still remaining, some of
which may cause furilier sh'eld weight increases, ithe importance of obtaining
further data is magrnified. In particular, tne following areas are of major
concern:

1. The intensity and the spatial and energy distribution of tragpped

planetary electrons must be known with greater piccision to allow
determination of bremsstrahlung effects.

2. Improved data are required on the production and trans nission of
low-energy bremsstrahlung. At present, the effects of bremsstrah-
lung are predicted by the extrzpolation of gamma ray buildup factcrs
from higher encrgy ranges to the low-en2rgy ranges of interest.

6.2 DOSE CRITERIA

The weight of radiation shielding required is highly dependert on the allow-
able dose criteria used. The dose criteria used in this analysis have been
abstracted from Reference 11 and have been coordinated with NASA/LRC.

The dose criteria in questiorn are listed in Table 6-1.

Table 6-1 )
MAXIMUM ALLOWABLE DOSE (REM)

Exposure in Months

Single
Critical! Area 3 6 i2 Exposure
Skin of whole body 300 350 400 100
Lens of eye 225 240 270 100
Bone marrow 50 80 100 25

6.3 MORL SHIELD ANALYSIS

'The shielding analysis repcrted in this section consisted of a description of
the configuration to be shielded. a description of dose points and locations,
and the effect on these of the radiation environmn:2nt specified in Section 6. 2.

The tool of analysis used was the SWORD program described in Appendix B.
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6.3.1 System Geometiric Description

The geometry description used in previous shielding analyses for MORL
provided the basic vehicle mecdel used in this study. Several additions and
modifications to the original geometry were incorperated in order to repre-
sent the present vehicle configurations rnore precisely, The major additions
invoived an on-board nuclear source, a biowell, docked Apollos, multimis-
sion modules, and an additional man-model location. The basic laboratory
configuration used is shown in Figures 6-2 and 6-3 for illustrative purposes.
The numpers thereon refer to the various planes, spheres, cones, and
cylinders which simulate the structural design. The various locations for
shield material are indicated by the notation, t. Two configurations were
used in the analysis, each identical except for the number of external
appendages (stored Apollo, and so forth), The low-altitude configuration was
described with 70 quadric surfaces and 89 homogenous material regions.
The synchronous configuration was defined with 63 surfaces and 76 regions.
The cylinder surrounding the entire configuration in Figure 6-2Z was used to
ease the calculation process only and does not represent any structure ox
shield weight, A detailed description of the vehicle interior, which included
the relative locations and material densities of the major conscles and
stcrage cabinets, was used. All other portions of the vehicles were

described to the extent of including major bulkheads and pressure shells,

A number of candidate shield locations were established for use in SWORD
optimization calculations. These potential shield locations designated t ty
and ts included the circular bottom surface of the laboratory area, the
cylindrical siae of tr.. laboratory area and centrifuge, and the hemispherical
top of the rest area vespectively. For missions involving the biowell, five
addition.al shield locations (t4 through t8) were specified. These were the

top, bottom, and three sides of the biowell,

6. 3.2 Dose Points

The mission integrated dose to crew members is dependent on their space-
tirne positions within the crew compartment, This effect was approximated
by defining three representative' man-model locations and by establishing

time weighting factors for each, One man-model was centrally located in
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the biowell area, the second in the center of the laboratcry azea, and the
third in the center of the rest area. The weighting factors used in the shield
optimization process are shown in Table 6-2. They account for the percent

of time spent in each dose receptor location.

Table 6-2
TIME WEIGHTING FACTOR (%)

Shielded Biowell Unshielded Biowell
Location of T'rapped Solar Trapped Solar
Man-Model Radiation Flare Radiation Flare
Biowell 15 100 15 43
Laboratory 20 0 20 57

Rest area 65 0 65 0

The percent of time spent in each area corresponds to the timeline history
of a crewman aboard the MORL as determined by the experimental program.
An attempt was made to determine an average weighting factor, since each
crewman has quite different duty cycles. For those caces which incorpo-
rated a biowell, it was assumed that all of the dose received from a solar

flare event was taken in the biowell arec.

The man-model used for these analyses was the CARS model (Reference 12)
with equal contained volumes. A cylindrical representation is shown in

Figure 6-4.

Two cylinders are used, the top one representing the head and the lower one
representing the trunk of the body. The anisotropic effects of the man-
model geometries necessitated the treatment of more than rne representa-
tive dose-point position on each. In general, these positions were chosen
to give equal consideration to each potential shield locarion. The dose
points were selected to be representative of the locations of radiatione
sensitive areas of a man-model. The number of dose points used for each

man-model location and critical organ are given in Table 6-3,
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Figure 6-4, Man-Mcdei Used in Shield Analyses

Table 6-3
NUMBER OF POINTS BY MAN-MODEL LOCATION

Critical Organ Biowell Laboratory Rest Total
Lens of eye 2 1 2 5
Skin 2 1

Blood forming organs 2 1 2 5
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6.3.3 MJORL Shield Analysis Results

The current MORL shield analyses are summarized in Table 0-4. The
resuits are snown for cach of the three missions of interesc, with various
combinations of the shield sensitive parameters. These parameters are

defined as follows:

1. Mission Duration--Exposure duration (days).

2. Artificial Electrons--The presence or absence of the artificial
electron belts radically affect the low-altitude shield weight
requirements. No means the artificial electrons source was
1gnored.

3. Solar Cycle--Max. or min. pertains to the lil-year period activ-

ity cycle of the sun. Maxx. refers to the maximum solar activity,
that is, 1968 to 1969.

4. Number of Sowar Flares--The assumed numbers of flare events
encountered while in orhit. For the cases with a biowell, the full
flare dose was received in the biowclil.

5. Biowell--The presence or absence vf a specially shielded portion of
the laboratory.

6. Tctal Shield Weight--The total weight of polyethylene shield material
that miust be added to the laboratory structure for adequate radiation
protection.

7. Shield Thickness--The thickness of the segmen -d shield jacket that
must be added to MORL.
A. Tl-—Laboratory floor.

B TZ——Laboxatory cyclindrical sides.
C. Ts--Hemispheric laboratory dome.
D

T , through T,--Fosition of the biowell. These segments are
illustrated in Figures 6-2 and 6-3.

8. Absorbed Dose--The dose received (REM, bv cach organ is shown
for the mission and shield thicknesses specified. Also shown are
the amount received from the solar flare alone.

6.3.3.1 The Baseline 200-nmi Altitude, 50° Inclination Missicn

The radiation analyses results listed in Table 6-4 show very small shield
weight requirements for the 50 mission when the artificial electron flux was
assumed to have decayed to a negligible value as discussed in Section 6. 1.
These results are shown in Case No. 1 through 12 of Table 6-4. A shield

weight of only 165 lb will provide adequate .protection for the crew for a

oy

_! . IE' -

q

»
‘1 e 3
M
—e
14
.
,.
.
H
i

Mmﬂ}
et A
E,i

R e MRARANLNAA, <l Soia R TN (Bl i 6 5 LSS b bt %

-y
P

4
-



Lol Rt
ol ol
TN “hi
*lo »bH
1 <h tL
1 ty L
! Ty Ll
i ' ot
l L
‘ A N
z N ()
B it LT

Lot
y ot
vol
ent
vt
LA
Ny
b

190 wawyq

DNy wseg Vo

W
(R
(R

1

-
-~z

(AR R} ALY ARAR |

ate

il

Hiny

inl
L
132

it

LETX}

VEoueswagy

wy

-suwndso Butwiog-poold

surflae Buinroj-poolq ays AQ paatadaa asop - Odd ‘7
‘§eg puUY 2-9 8310817 O PIUIJIP SEAUNINY) ((JIYS i€ QL Y¥noayy 13 1

‘3.ON

v w0 YO0 T (U [ 0 0f ¢ tad H unn e 081 82
0 0 st U 1720 v6e "t ou ? un ou 081 Le
Wo ei0o 7O 07R 't ou 1 viw ‘u 081 47
o 6t 0 sl o'l n 1 s ou 06 82
Y0 T00 0 s 1 vy ? xew s34 $9¢ 44
) 0 0 o6t ‘L ou i xwul 24 89t £2
et o 4] o skl ou 1 xeie 3. oR! 2?2
T Y n [\ oy 1 x e LEY 06 12
o v thn ke t? e Ak o 1] 0 929"t L2 I tasu sal $9¢ '}4
th 0 ftu o [ ou 3 un sa4 sS4t 6l
u 0 " LA I Y X o [ [CLA LN ? uten $9¢ 81
LA IRVERFA ] {} IR au < wi Al 99¢ Ll
Y% 0 [\l Q ot ou bd un a2k el 9l
st 0 Tu o [ ate’t ou t uiu 4 €98 st
t o [ 0 Lhd Rl 1 uru vak o8t 141
tt o [} kL ] 1 utn 834 06 (1]
LI i} ' 1 oy 2 Xt u 29 2
bu oo 0 i it ou [ xyw ou $9¢ it
LI t Q AL vy 1 xe nu [+):2 ot
PPN 0 o ' ou 1 Kelt ou O [
4] o L 0 ap ) U 8L? XT3 3 Uil 113 (X% ']
KU 0 [ s 9l ) ¢ Ut ou “9t L
u v " 4 o W) 1 v s9l LY ? urty oy S4¢ 9
RIS [} [} sal nu ¢ uti ou $9¢ S
keou [4 o ot o H unu ou 091 t
tu oo o v ort on H utg ny $9¢ €
ta o o © ot o4 t uru au 8t 2 '
LIt » 0.1 vu ] (V] oy 06 H 008 s 007
. :ir_ﬁlvr.-.”,ym u.r.v...»_ :Er.«..,_ el [ it wyRtam 1o M i-o:,_.‘. _:.....wb' 0y (vAwp) oy uo|iwuijou] pue
TELYY] IR plotys culyg 1vtog 1ejoy -seld vanwinn asen pMNYy 11320
{0, Sanealig iy, gt 14y [LTN 8 [ ETON Mmay votssi)y

AYVININNS SINFNWIYINDITY QTITHS TIONW

(z o 1 @3ed) p-9 alqe]

I S

L

pr oy

T

-

PN

239

ey




- -

) |
. e b 1 [ w— P e ) - —— -
X X X £
X X X 4
X X X 1 (5) 3enIueros [edredqy
X . X X €
X X X (2
X X X 1 {¥) Is13wepos rearehng
X X X £
X X X [4
x X X 1 (€) 1913u8p5 maveing
X X X €
X X X 2
x X X 1 (2) 3sp3uetog respsdad
X X X €
X X X 2
X X X 1 (1) 3snuordg (edyekyy
£ X €
X X 2
X X M 30130Q [*1PeN
X X X X X €
X X X X 2
X x X X 1 zeemifag suciiezado
X X X X X 3
h g X X X X (4
X X X X X 1 sspuewnuod 3y Awndagy
X X X X €
X X X X 4
X X b X 1 1spurunuo) wIug
isjresandg Jejiwi2adg 10 vjoedg 28qI0M  18AIGEQ0 asydesfocvssn 191801020010  [EIJTRYISN so13do aepojugIe], *oN ovwwns:)
stedoy Azjewsray  sjndey saryonag  siwdey g1/0% (vaeven jreswyBuy taeemBuy ojong uny
/ LUOH¥ D jUTUIWID ) ‘$08 ‘SO (¥I5233001T  (WOUPYIS  /[WOIUNEISN

LIPS m3sxD

(2 30 7 223ed) $-9 a1qer

240

'YL



period of 1 yvear, even if 2 major solar fiare events are enccuntered. At
this inclination, the effect of solar flare protons is small because of the
shielding effect of the Earth's electromagnetic field. The 155 1b of shielding
material is required only on the dome nortien oi the laboratory to a depoth of
0.06 in. of polyethvlene. Undoubtedly, rfor this case aluminum would be
used {5, ihe shield material rather than polyethvlene and the cffective struc-
.ure thickness increased by 3.02 in., since the density of aluminum is about
3 times that of polyethylene. The shield calculaticns were performed with
polyethylene as the shield material. However, for protons th: shielding
charactericstics of aluminum are siinilar, as shown in Reference 13, when

they are compared on 2 density basis.

The shieid weight mentioned above provides protection against two mdajr
solar flare events. The 12 November 1950 solar fiare event was used as a
model flare. Figure 6-5 shows the estimated probability of encountering n

or more major solai flares as a function of mission duration. These curves
are based on a Poisson probability distribution with an average rate of occur-
rence cf onc flare per vear. This average rate of occurrence corresponds

to that observed in the maximum activity jostion of the 1l-year solar cvcle.
At other portions of the solar cycle. this average rate of occurrence may be

reduced.

The curves of Figure 6-5 show the piobability of exceeding the dose limit
when shielding is provided to attenuate the dose received fromn n-1 flares to
an accepiable value. Thus, if protection is provided to safely absorb tne
dose from 2 (n-1) solax flares in 1 year, the probability of exceeding this
dose criterion iz unly 0.08. Therefore, it would appear that protection for

two solur flares for a l-year mission is adequate.

The effect of the solar cycle activity is negligible for this mission, as can be
seen by comparing Cases 3 and 11. Also, a biowell is not recommended,

since 2 comparison of Cases 5 and 6 shows no advantage.

In the event that the assumptions concerning the attenuation of the artificial
electron flux are later found te be in error, Cases 13 throuzh 24 were com-

pleted to determine the severity of this occurrence. These analyses were
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conducted with the levels of electron flux that would be present in 1968 and
beyord as based ou an extrapolation of the current decay rate as discussed in
Section 6.1. The effect of this phenomer.on would be to increase the shield
weight requirements to 1,650 !b, as seen in Case 17 in order to provide che
same protection described in the p eceding sectiocns. This chield could be
provided by adding 0.07 in. of polyethylene ¢~ the baseline laboratory cylindri-

cal sides and 0.51 in. to the dome, or their equivalent weight in aluminum.

The effect of a biowell is shown by comparing ~ases 17 and 18. A reduction
of 160 1b (9%) could be achieved by incorporating a biowell. However, this
small savings would not offset the additicrs and restrictions necessary to
implement a biowell, which would thererore, not be recommended. The
effect of the solar cycle variation is significant 2s seen by comparing the
data of Cases 17 and 24. This .s because the dominant radiation scurce is
the trapped protons as seen in Figure B-5 and B-6. The trapped proton flux
level at low altitudes is inversely related to the atmospheric denzity (Refer-
ence 1) and is lowest at the solar maximum. The flux variation from solar
maximum to solar minimum is by about a factor of 2.5, thus causing the

change in shield weight requirements (akout 20%) between Cases 17 and 24.

6.3.3.2 The Pclar, 200-nmi Altitude, 90° Inclination Mission

The basic dose attenuation curves for the 200-nmi altitude, 90° inclination
mission are shown in Figures B-3, B-7, and B~8. From Figure B-3, it can
be seen that for the shield thicknesses of interest (10 gm/cmz), the solar
flare proton environment is higher by about a factor of three, than that
erccuniered on the 50° mission. Figures B-7 and B-8, show that the domi-

nant ¢{rapped radiation source is trapped protons.

The shield requirements and dose data for the polar mission are listed in
Cases 25 through 36 of Table 6-4. Cases 25 through 30 correspond to the
assunied design condition that the artificial electron source will be attenuated
to a negligible value. The controlling dose criteria is the single dose lirnit of
100 REM to the skin and lens of the eye (Table 6-1). The single dose received
from a solar flare determines the shield weight requirements. Thus, the

results are independent of mission duration. Since this dose limit is for each
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solar flare, the shieid requirements for one or two solar flares are identical
(within the calculational iteration step values). Thus, a shield weight of
1,820 lb will alsc »rcvide adequate protection for two solaxr flare events.

The integrated d-se to the skin and the lens of the eye would exceed the limit
if three solar flares were encountered. With a shield weight of 1, 820 1b
(protection for two flares). the probability of exceeding the dose limit is
only 0.0l for a 6 month period and 0.08 for a l-year mission (Figure 6-5).
Since the intermittent solar flare radiation is the ccatrolling factor, the use
of a biowell may be wc rthwhile. ‘t'his biowell is a heavily shielded portion of
the laboratory in which the crew would reside for the flare duratica. Com-
paring Casea 27 and 28, the saving in shield weight by in- orporating a bio-
well is seen to be 1,460 1b. This large weight saving could very well offset
the restrictions imposed by the biowell. However, uutil ti.is tradeoff study
is completed, the recommended shield weight for the pclar missien would

be 1, 820 1b. This shield could be provided by adding 0.21, €. 39, and

0.06 in. of polyethylene, or their weight equivalent of aluminum, to the
bottom, sides, and dome top of the laboratory, respectivelv. This large
weight penalty could be easily accommodated because of the large discre-
tionary payload available on this mission, which would use a Saturn V launch
vehicle. If the weight penalty did become restrictive for some reason, then

the biowell tradeoff should be evaluated.

These analyses were repeated for the case where the artificial electren flux
was attenuated by a factor of 5.9 from the mia-1963 level as discussed in
Section 6.1. These results are presented in Cases 31 through 36 for the
polar mission. The single dose criteria and the integrated dose criteria are
about equally predominant as controlling factors as can be seen by compar-
ing the dose received to the allowable dose (Table 6-1). The resultant shield
weight requirements wculd not be greatly increased from the design con-
ditions discussed above, hcwever. The weight required for protection on

a 180-day mission would be 2, 410 lb, assuming protection for 2 major solar
flare events. This shield would be applied to the laboratory bottom, sides,
and top dome at depths of 0.15, 0.32, and 0.39 in. of polyethylene respec-
tively, as shown in Case 33. The use of a biowell, although it would save

about 1, 000 1b, wouid not be recommended at this time because of the large
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payload capability of the Jaunch vehicle and thc fact that the requirements and
penalties associated with the bioweil have not yet been determined. A com-
parison of Cases 31 through 36 further indicatces that the eftact of the solar

cycle would be minimal on the shieid weight requirements.

6.3.3.3 Synchronous Mission

The basic dose attenuation data for the synchronous mission (19, 350 -nmi
altitude and 28.3° inclination) are shown in Figures B-3 and B-4. The effect
of the solar flare protons is seen to be the highest of the three missions
considered in Figure B-3. The only significant background radiation source
at this orbit altitude is the electron-bremsstrahlung source shown in

Figure B-4. At this altitude, there is no variation with solar cycle activity.

However, there are other variations, the effects of which wiil be examined.

The shield veight requirements for this mission are shown in Cases 37
through 42 of Table 6-4. These data are for the nominal value of electron
flux. From these results, it can be seen that the shield requirements
indicated atre quite higa (> 20 tons). Further, the mission duration or the
use of a biowell does not significantly affect the weight requirements over
the ranges considered. The required shield thicknesses are up to 10 in. of
polyethylene. The biowell does not appreciably reduce the required shield
weight, because most of the dose comes from the background electron-

bremsstrahlung source.

In Section 6.1, the uncertainty in the value of the electron flux at this orbit
condition was discussed and found to be about plus or minus an order of
magnitude. The shield analysis was conducted with this variation, and the
results are chown in Figure 6-6. The uncertainty factor of 1.0 represents
the analysis reported in Cases 37 through 42 of Table 6-4 for the present
estimate of the nominal radiation environment. The uncertainty in the
electron flux of an order of magnitude causes a variation in the shield weight
reguirement of from 4, 400 to 110, 000 1b, as shown in Figure 6-6. The
above shield requirements are quite a bit higher than those repc.-ted in pre-

vious analyses; Section 6.1 outlines the reasons for these high values.
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The shiela requirements presented in this report appear excessive for two
reasons. First. the weight required may surpass the maximum that could
be allotted for radiation protection on the laboratory launch (about 30, 000 1b.-
assuming no discretionary payload). Sezond, even if it could be resupplied,
the weights may be quite formidable, and the task of installing the material
to a thickness of 10 in. or greater seems out of the question. Other problem

areas in this regard are discussed in Section 4. 2. 6 of this report.

The conclusion at this state of the study is that the radiation shield weight
required for the synchronous mission appears excessive and that serious
studies must be undertaken prior to committing the MORL concept to this

mission. The following areas should be examined to resolve this problem:

1. The synchronous mission must be defined such that the minimum
acceptable laboratory volume can be determined. It must be borne
in mind that the present MCRL was designed to operate in a moder-
ate radiation environment; thus, this environment was not a scrong
influencing factor on the design. With the radiation environment
explicitly included, future configuration studies may well result in
a reducticn in the amount of area that must be shielded and thus
reduce the weight nropcrtionately.

2. The effectiveness of using on-hoard rnaterials such as water and
propeliant should be determined. This solution would be particu-
larly effective if the livable volume could be significantly reduced.

3. Personal portable shields should be evaluated to deterrmine the
weight saving that could be achieved and also the restrictions they
would impose.

4. The use of laminated shield materials should be evaluated in order
to take advantage of ihe properties of various materials.

5. The physical task of attaching thick shield material to the labora-
tory on the ground or in orbit must be examined to determine the
restrictions and interactions with other subsystems and
experiments.

6. The allowable dose criterion should be reviewed to see if it could
be relaxed for the synchronous mission,

7. The electron flux at synchronous altitude must be defined.
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Section 7

TASK IV RECOMMENDATIONS

On the basis of the analyses of the Task III effort, the following recommen-

dations are made for further study in Task IV and future work:

1.

Mission Analysis

A.

The poss’bility of attaining a pclar orbit by launching down
146° azimuth, tiicn duglegging over Cuba and Panama be
ascertained.

A detailed study to determine the minimum launch windows
that can be confidently met with the S-IB and Saturn V
vehicles be made.

An evaluation of the merits and problems associated with
incorporating a 9-man crew into the MORL be undertaken.

The practical limits of cross-training of the crew
members be determined so as to increase the skill-mix
capability.

Environmental Control/Life Support System

A.

B.

The EC/LS radiator be resized for the synchronous
mission.

A separate cooling and ventilation system be installed in
the hangar section to provide better temperature control
and comfort for the crew. This is because of the
increased occupancy of this area in carrying out the
Experiment Plan.

Stabilization and Control System

A.

B.

Those experiments requiring high slew rates or tight rate
stabilization control be provided with a2 gimballed mount.

Further verification of the ability of the SC'S to maintain
the attitude within 0. 5° be accomplished.

The motions induced into the laboratory by crew move-
ment be evaluated to a finer degree.

Further studies to verify the capabilities cf the precision
attitude reference be accomplished.

A rigid external experiment sensor mount be installed.

\ PRECEDING PAGE BLANK NOT FILMED. l
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4, Communications and Telemetry

A.

B.

C.

An S-band system to maintain reasonable data rate trans-
mission be install :d for the synchronous mission.

The communications facility in Guaymas be added to allow
for adequate data transmission for the polar mission.

The baseline Data Management System be re-evaluated in
the light of recent advances in present technology and also
the much larger capacity that will be required when a
large experiinent program is undertaken.

5. Configuration and Structures

A.

F.

Methods of attaching various amounts of radiation shielding
to be detailed. This should include both installation on the
ground and in orbit.

A new console and operator panel be installed in the hangar
section to accommodate the experiment activity in that
area.

The laboratory scientific console be enlarged to accommo-
date multiple experimnent control capability.

The feasibility of constructing an external experiment
mount which could maintain very tight dimensional stability
be determined.

Rearrangements of the laboratory interior be evaluated in
an attempt to increase the radiation shield capanilitv of the
basic structure.

The overall requirements of the biowell area be determined.

6. Radiation Analysis

A.

250

A study to determine better radiation environment and
variations therein be done. This should be accomplished
for both the high and low altitude regions (200 nmi and
synchronous). The degree to which the artificial electron
belts are present should especially be determined.

The mechanism by which bremsstrahlung is formed be
verified to increase the confidence in the shield weight
requirements.

Alternate shield methods be evaluated to decrease the
iarge weight presently required for the Synchronous
Misgion. This should include other materials such as
water, and new shield concepts such as small modules,
laminated shields, and personal shields.

Methods of attaching thick shield materials to MORL be
investigated.

R
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7.

E. The SWORD digital pro-ram be improved to include more
dose points and more flexible dose criteria capability.

F. The allowable dose criteria be reviewed to see if it could
be relaxed for the Synchronous Mission.

Experiment Definition

The experiment requirements be re-evaiuated (especially those
imposed upon the SCS and Communication Svstems) to determine
whether they can be rclaxed in some areas without compromising
the success of the experiment. To accomplisli tnis, the respec-
tive subsystem talents must be applied at thc experiment
definition level,
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Appendix A
THE SYSTEMS EFFECTIVENESS
AND EVALUATION PLANNING DEVICE {SPEED)
A.1 PROGRAM DESCRIPTION

The methiod used to obtain the timelined Experiment Plan. included in the
jacket attached on the back cover of this report, and an assessment of its
impact on the laboratory centers around a computer pregram specifically
developed for this purpose. This computer program represents an evolu-
tionary step from previous programs that have similar objectives. Unlike
its predecessors, the Systeran Planning and Effectiveness Evaluation Device
(SPEED) attempts to simulate {in a Monte Carlo mode) and schedule al
activities that occur on board any ORL. Thus, experimentation, sc’ieduled
and unscheduled maintenance, system and subsystem failures, crew per-

io>rmance, and general housekeeping activities are among the events modcizad.

The fundamental mode of operation of the SPEED program is indicated in
Figure A-1. The main product of the orbital facility is recognized to be the
experimental activity performed by the crew, and the simulation attempts to

represent the events and conditions that may affect this activity.

Thus, it is recogni~ed that the performance of experiments requires two
basic primary resources: equipment and human skills. However, these
primary resources are supported or owned by certain so-called secondary
resources. For instance, equipment occupies space and draws power.
Therefore, pressurizable volume and electrical power constitute secondary
resources. In this context, specific iadividuals in the crew are also con-
sidered secondary resources, since, for example, Man A can be thought of

as preoviding the particular skill called mathematician.
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® SYSTEM DECIGN
® POOL OF EXPERIMENTS
TO BC PERFORMED
o MAN-PGWER REQUIREMENTS
o EQUIPMENT REQUIREMENTS
» SCHEDULE CONSTRAINTS
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MANAGEMENT POLICIES

CUTPUT

SCHEDULE OF COMPLETE
EXPERIMENTAL PROGRAM

e CRITICAL DELAYS
e CREW WORK PROFILES
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e EQUIPMENT UTILIZATION
¢ FAILURES ANALYSIS

"f ETC.

SUPPORT OPERATIONS
AND
HOUSEKEEPING NEEDS

RESCURCE POOL
(CREW, POWER, EQUIPMENT, A

¢ TIME ESTIMATES
ETC.

/SUBSYSTEM AND SYSTEM SUPPORT

MONTE CARLO FAILURES I
Figure A-1. Speed Simulation Model

However, secondary rescurces are supplied by laboratory subsystems. For
instance, pressurizable volume is supplied by the structures subsystem,
power is supplied by the electrical power system, and specific individuals

in the crew can be thought of as belonging to the subsystem called the crew.

In turn, subsystems depend on certain crew activities, such as maintenance,

repair, resupply operations, and other housekeeping and station-operation i
functions. Even the crew subsystem must be maintained by suitable physical

conditioning, rest, and recreation allowances. Finally, the model recog-

nizes that such support zctivities also draw on primary resources; for in-
stance, certain equipment and skills are required to perform repairs, main-

tenance, and other functions.

The simulation represents, therefore, a closed cycie, each element of which

dependr on other elements. This d~peadency is best illusirated by a discus-

sion of how subsystem failures are handled in the simulation.

-
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If, for instance, the power system fails, power (the secondary resource) is
reduced by an amount appropriate to the nature of the failure. In some
cases, this may constitute a loss large enough to preclude the op~:ation of
certain primary resources that draw on power. If that is the case, the simu-
lation will remove from the line those experiments that utilize the concerned

equipment.

However, as a failure may reduce some resources, it may increase the
availability of others. In the above example, additional crewmen may be-
come available as a result of interrupting experiments and may then be

shifted to a repair operation.

The simulation includes other potential complications. If the power failure
is serious enough, provision is made to model loss of performance in other
subsystems. For instance, the power available to the life-support system
may be reduced, causing a reduction of its output to the crew, which, finally,

is presented by the simulation as reduced work capability.

However, as was indicated in the above description of the closed-loop nature

of the lahoratory, repair operations also draw on resources. If adequate

resources are unavailable, a repair cannot be effected. Thus, if the reduced

crew perlormance resuiting from the postulated power failure is too great,
the power failure cannot be repaired and the laboratory mission is a

failure.

Thus, the simulation model heavily emphasizes the interdependence of major
laboratory subsystems and resources in general, the interdependence of

the crew and the laboratory in particular. Experiments are scheduled in
the presence of this realistic model, subject to the resources available for
experimentation after resolution of all conflicting demands. Additional con~
straints on scheduling experiments are (1) the completion of logical prede-
cessors as determined from the Applications Plan analyses and (2) a pre-
ference code that, other conditions being equal, will force the initiation of

certain experiments before others.
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A.2 THE SPEED INPUT SYSTEM

The inputs to the SPEED prograin can be groupead i: to three major blocks.
The first block of data controls certain program operations, such as the re-
ports to be generated and the number of replications desired. The second
data block describes the experiments to be simualated and scheduled in terms
of the requirements they impose on the laboratory, such as crewskills, crew-
time, power, weight, volume, and equipment 1o be provided. Thus, the
second blcck of data consists of information on the experiment briefs docu-

mented in References 14 and 15.

The third block of data describes the ability of the MORL to meet these re- T
quirements in ter:a:s of the availability of the resources demanded by the

experiments. Thus, the availability of each crewman during the day is de- -
scribed; the power, weight, volume, and availability of equipment is stated;

and the association of specific skills with specific individuals in the crew is

defined. The interconnection of these resour:es with major laboratory sub- I
systems is also defined. For instance, the operation and availability of cer-
tain equipment may be made dependent on the operation of the power subsystem
and the data processing and telemetry subsystems. Thus, if either or both

of these subsystems fail, so as to reduce performance capability by a stated

amount, the equipment in question becomes unavailable.

The reliability of subsystems is also defined in the third data block. In
this case, definition iz accomplished by assuming an exponential failure dis-

tribution and giving the MTBF of the subsystem. The repairs to be initiated

in case of failure are also input for each subsystem. The skills, equipment,
and other resources demanded by repairs and the permissible delays in

initiating and completing repairs are part of this input.

Finally, certain basic laboratory operations (support operations), are
described and input. Support operations are those operations that the crew
must perform at stated times during the day. These operations have abso-
lute priority on all resources and, thus, have pricrity even over repair

operalions.
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It is a philoscphical point to decide what operations should be placedinto this
category. It is perhaps unnecessary to regard any activity as being of such
overwhelming impecrtance as to be clacssified a support operation. However.
to follow an extremely conservative philosophy regarding the safety and well-
being of the crew designated rest periods, basic exercise periods, and

housekeeping activities were input as support operations.

A.3 EXPERIMENT PLAN INPUTS

This section describes specific data input toSPEEL to develop the Experiment

Plan.

Figure A-2 gives the availability of eaci crewman for experimental work.
The skills possessed by each crewmar =re also irdicated through skill code
numbers. Skill code numbers and oth. v res: .rce code numbers are defined
in Table A-1. Figure A-3 defines the availahi':: . shipping weights, ship-
ping volume, and electrical power as a function of {ime. Finally, Table A-2
defines the effects and probability of occurrence of subsystem failures as

well as their repair requirements.

A. 4 FISHERIES PRODUCTION PROGRAM INPUTS

This section dzscribes specific data inputs to SPEED runs testing the respon-
siveness of MORL to an objective-oriented (Fisheries Production Assistance)
experimental program. These runs were ccnducted with a nine-man crew.
Figure A-4 defines the availability of the crew for expe-imental work and
skill mixes assumed for the three runs made. Skill and other resource code

numbers are explained in Table A-3.

The three runs made differ only with respect to crew skill mixes assumed.

The changes in crew skiil mixes from run to run are defined in Table A-4.
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CREWMAN 1D SKILLS 1D

o ] | ] fLicHT 60, 68, 70, 71, 72, 80

COMMANDER 50

[' RS IR J DEPUTY FLIGHT 60, 61, 67, 70, 71, 72,

CCMMANDER 51 81

E [ -[ l OPERATIONS 60, 62' 70’ 71' 72, 82

ENGINEER 52

[ G Fo o ] | HIFE SCGIENCES 63 64,65, 70,71, 72

SPECIALIST 53

PHYSICAL

] SciENCES 60, 66, 69, 70, 71, 72,

SPECIALIST 54 13

| | MEDICAL 64, 70,71, 72

DOCTOR 55

0 2 4 b 8 10 12 it 16 18 0 2 A

TIME (HOURS)

TIME AVAILABLE FOR EXPERIMENTATION

I l SUPPORT OPERATIONS

Figure A-2. Crew Availability Cycle (6-Man Laboratory Total Experiment Time - 45.8 Hours)
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RESCURCE CODES AND DEFINITIONS (page 1 of 2)

Table A-1

Maximum
Code Number Name Type Value
Resource | Electrical power (watts) Subsystein
output 2, 550
Resource 2 Shipping weight (1b) Logistics 226, 000
Resource 3 Shipring volume (cu ft) Logistics 22, 600
Resource 10 TV system Equipment 5
Resource 11 IR radiometer Equipment 5
Resource 12 Microwave radiometer Equipment 5
Resource 13  Radar Equipment 5
Rescurce 14  Lidar Equipment 5
Resource 15 IR interferometer Equipment 5
Resource 18  S-band polarimeter Equipment 5
Resource 19 Camera Equipment !
Resource 50 Flight commander Crewman 1
Resource 51 Deputy flight commander Crewman 1
Resource 52 Operations engineer Crewman 1
Resource 53 Life sciences specialist Crewman 1
Resource 54 Physical sciences specialist Crewman 1
Resource 55 Medical doctor Crewman 1
Resource 60 Electrical/inechanical technician Crew skiil 1
Resource 61 Optical technician Crew skill 1
Resource 62  Electrical engineering specialist Crew skill 1
Resource 65  Physiologist Crew skill 1
Resource 64  Medical technician Crew skill 2
Resource 65 Biotechnology specialist Crew skill 1
Resource 66  Meteorological specialist Crew skill 1
Resource 67 Oreanographic specialist Crew skill 1
Resource 68 Astronomy/astrophysics
specialist Crew skill 1

B
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Table A-1 {page 2 of 2)

Maximum

Code Number Name Type Value
Resource 69  Physicist Crew skill i
Resource 70  Subject Crew skill 6
Resource 71 Observer Crew skill 6
Resource 72  General worker Crew skill 6
Resource 73 Photo-technician/cartographer Crew skill 1
Resource 80 EC/LS repair specialist Crew skill 1
Resource 81 RCS, SCS, structure repair

specialist Crew skill 1
Resource 82 Communications, telemetry, and

power repair specialist Crew skill 1
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Table A-3
RESOURCE CODES AND DEFINITIONS (page 1 of 2)

. Resource 55

Maximum
Code Number Name Type Value
Resource 1 Electrical nower (watts) Subsystem 2, 550
Output
Resource 2  Shipping weight (1b) Logistics 226, 000
Resource 3  Shipping volume (cu ft) Logistics 2z, 000
Resource 11 IR radiometer Equipment 5
Resource 12  Microwave radiometer Equipment 5
Resource 18  S-band polarimeter Equipment 5
Resource 19 Camera Equipment 5
Pesource 50 Flight commander Crewman 1
Resource 51 Leputy flighkt coommander Crewman 1
Resource 52  Operations engineer Crewman 1
Resource 53  Medical doctox Crewman 1
Physical scientist (1) Crewman 1
Resource 56  Physical scientist (2) Crewman 1
Resource 57 Physical scientist (3) Crewman 1
Resource 58 Physical scientist (4) Crewman 1
Resource 59  Physical scientist (%) Crewman 1
Resource 60 Mechanical/photo technician Crew skill *(a) 2
(b) 2
(c) 3
Resource 61 Mechanical engineer and optics
specialist Crew skill i
Resource 62  Electrical engineer and
mechanic ‘Crew skill 1
Resource 66 Meteorological specilist Crew skill *(a) 3
(b) 2
{c) 1
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Table A-3 (page 2 of 2)

M-oximum

AR

Code Number Name Type Value
Resc .rce 67  Oceanographic specialist Crew skill *(a) 2
{(b) 3
{c) 4
Resource 71 Observer Crew skill 9
Resource 72 General worker Crew skill 9
Resource 80 EC/LS repair specialist Crew skill 1
Pesource 81 RCS, SCS, structure repair
specialist Crew skill 1
Rescurce 82 Commuaication, telemetiry, z-d
power repair specialist Crew skill 1

¥(a) Two oceanographers, three meteorologisis
(b) Three oczanographers, two meteorologists
(c) Four oceanographers, one meteoroclogist; additional skill of
mechanic and photographic technician assigned to operations
engineer.
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Appendix B

THE SHIELD WEIGHT OPTIMIZATION FOR RADJOBIOLOGICAL
DOSE (SWORD) PROGKAM

B.l1 GENERAL PROGRAM DESCRIPTION AND CAPABILITIES

Most space vehicle shielding programs are capable cnrnly of computing dose
levels within a vehicle and shield of {fixed geometry. Ip contrast, the SWORD
program computes the optimal shield mass distribution which meets a set

of radiobiological dose criteria associated with a specified vehicle configura-
tion and mission profile. SWORD uses basic dose attenuation data produced
by the OGRE (Orbital Geomagnetic Radiation Environment) and CHARGE
computer programs for the specified vehicle trajectory, in corjunction with
ray tracing computaticns performed on a generalized quadric surface repre-
sentation of the vehicle, to compute dose levels to specified critical organs
of crew members. The derivative of dose with respect to the thicknesses of
candidate shield regions located at various surfaces of the vehicle is also
computed, This information is then processed in an iterative procedure to
determine the optimal shield mass distribution. The program both distributes
shieid material among such locations as wvall structure, biowell, and personal
shields, and shapes shielding over extended surface areas, with an optimiza-
tion technique based on a particular formulation of the Lagrange multiplier
constraint equations., SWORD can treat the effect of (1) multiple dose con-
straintls (separate constraints for each organ), (2) time-dependent astronaut
locatior= (the work-rest cycle influence), (3) organ-dependent RBE factors,
and (4) direct and scattered neutron and gamma radiations from an on-board
nuclear power source. The geometric framework, numerical integration
schernes, and optimization procedures are sufficiently flexible and efficient

to allow the aralysis of a wide variety of space vehicle configurations.

The SWORD pregram was developed to satisfy the following two separate

requiremeuts related to radiation analyses for space vehicles: (1) to perform
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shield weight parametric studies during vehicle definition studies, and (2)
to 2stablish detailed shield mass distribution requirements for specific

configurations.

For parametric studies performed during vehicle evolution studies, SWORD
provides a consistent and rapid means of determining shield weight require-
ments for many meaningful system parameters. Typical parametets of
interest include vehicle orbit, mission duration, launch date, vehicle geome-
try and internal arrangement, vehicle materials, radiation dose criteria, —
work-rest cycle influence on astronaut space-time position within the vehicle,
and sc forth. Because SWORD allows for treatment of a multitude of such
parameters simultanecusly, and because the shield weights computed ace
consistently optiraized, th=» engineering evaluation of results is facilitated.

In genc-al the interplay of system parameters is sufficiently complex that
the establishment of shielding requirements must be based on uniform, com-
prehensive analytical procedures. In addition, SWCRD performs the neces-

sary analyses efficiently both from computational and engineering standpoints. I
thus providing for rapid reevaluation of shield systems as configuration -
geometric details evolve and uncertainties in input data (such as the space :

radiation environment) are resolved.

SWORD is also capable of performing detailed studies of optimal shield mass
distributions meeting specific radiation dose design criteria. For vehicles
which are relatively well defined in geometry and materials, and for which
the radiation environment and dose criteria are established, greater analyt-
ical “detail is warranted than for parametric stdies in whic : .he primary goal {
is the total shield system weight. The CHARGE code, which provides basic
dose attenuation data for specified material combinations, and the SWORD
code include options on the detail with which r'merical analyses are per-
formed. In SWORD, these options include the number of dose points used to
represent the location of radiation-sensitive body organs, the number of time-
weighted astronaut stations, the nurnber of discrete candidate shield locations,
and the mesh size used in performing dose iitagrations over the 4w solid
angle about each dose point location. Consequently, greater precision in
numerical analyses can be attained, and the shield mass distribution require-

ments can be established more accurately.



S ety

‘n

The capability to investigate for a specific vehicle, the adaptation of a shield
systern from one set of design conditions to another, alsc exists. For exam-
ple, it may be necessary to modify the shielding on a space vehicle tc make
it habitable for a differing set of space radiation environmental conditicns,
This may be a result of a specified change in the orbital parameters, or in
the data defining the spatio-temporal disiribution of planetary-trapped radia-
tion. In such cases, SWORD is capable of accepting the existing shield mass
distribution as a set of initial conditions, and then ascertaining the optimal
placement of additional shield material requircd to mect the dose design

criteria.

B.2 ANALYTICAL METHODS

The techniques used in SWORD include a numerical integration of the dose

received at each dose point:

- _ ‘(' > - p=o -
D (fy o) = Man[j¥ & ,.0) do (B-1)
4
wheze
'fk ¢ = the position vector of the kth critical organ for the £tb man-
’ model location
Qo a unit direction vector
K(f"k 1,5) = the dose thar would be received at ¥, , if the materials

encountered along I were sphericallky’!symmetric about Pk IE

The integration involves ray tracings for a series of discrete rays defined by
the azimuthal and polar angles. It includcs primary and secondary space
radiations, and direct and single scattered nuclear radiations. The space

radiation dcse data obtained thrcugh calculations by OGRE yield the time-

integrated free-space radiation spectra, including mission parameter effects.

Subeequent calculations by CHARGE yield dose attenuation for primary and

secondary space radiation for basic shield materials in spherical geometry.
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The total dose received by the kth critical organ involves a summation over

the various man-meodel positicns

D

» -

- s -
- ? f! D (rk,l) (B"Z)

where {, is the fraction of the mission spent in the fth location. The derivative
of this dose with respect to the ith shield thickness, for example a unit vehicle

shield thickness, goggle thicknzss for the eyes, and so forth, is calculated as

oD T

K _ i Re) N - - 2
5t 7 ¢ a‘ffﬁq (), g S2) a0 (B-3)
4

1

Each of the shield thicknesses is measure ~ =2lceng the normal of the corres-

ponding shielded surface.

The doses and their derivatives are used in a modified L.aGrange technique
which permits the simultaneous treatment of the dose-critical orgars by

forming the functions

pTY
U = W+ 2V :>i: p it Tt :\Zl;-c—- (B-4)
where
W = the total shield system weight
Ai = the area of the ith shield loca.ion
p; = the shield -material density
A = the LaGrange multiplier
C, = the dose constraint for the kth critical organ

A

= an exponent sufficiently large to emphasize the dominant con-
straint(s).

For nonoptimum shield ds=signs, the derivatives of this function yield differing

values of the LaGrange multiplier

. N . (DL oD
Cc e SE(LK) (B-5)
1 P 4 k(ck at;
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The shield thicknesses are repetitively modified until the dose to each critical
organ is less than the acceptable value. While building up the shield, the
thicki.ess for which )\i is a maximum is incremented at each repetition, Itera-
tions about the optimum point may involve removal of shicelding, and the
thickness for which Aj is @ minimum is then incremented. Each chapnge in

shield thickness requires the recalculation of the doses and their derivatives.

B.3 PROGRAM OPERATION

Some of the computational operations associated with shieldir.g analyses
performed by SWORD are outlined in Figure B-1. The fizure alsc illustrates
the interreiationships existing between the OGRE, CEHARGE, and SWORD

programs.,

The operations performed in the six boxes pcrtaining to SWORD computations

are as fcllows:

1.  The input data defining dose point coordinates, and the angular struc-
ture to be applied in integrating dose contributions over solid angle,
are used to define the origin and direction cosines of rays to be
traced through vehicle materials other than shielding. The solid
angle worth and Simpson's Rule weighting coefficients for each ray
are computed. These operations are performed by a subroutine
adopted from the previously developed SIGMA program,.

2. The path lengths through each region penetratecd ry each ray are
computed and then density-weighted to obtain the total mass (gram/
cm?) along the ray. If a nertron and gamma dose contribution,
direct or single scattered, 1s computed for the ray, the total number
of relaxation lengths for those radiations is also computed. For all
shields penetrated by the ray, the indices of the shield region and
the angle of penetration are determined; a maximum of three (nested)
shields is allowed.

Additional operations performed in Items 1 and 2 include the grouping
of all rays penetrating each specified shielded surface area, for use
in irerative shield optimization 1ilculations. The surface area of
each shield is aiso computed numericalily to provide data on the
relationship between shield thickness and weight.

3. The data tabulated for each ray are used to compuvte the dose contri-
bution from space-radiation sources to be associated with the ray.
This information is obtained by interpolation of tabulated basic dose
attenuation data produced by the CHARGE code for the computed
material thickness.
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4. The direct dose contributed by neutron and gamma radiation from
cach on~-board nuclear source is computed by performing a point
kernel integration over the active source volume. The altenuation
of these radiations by vechicle materials is characterized by the
material distribution along the path connecting dose point and source
center,

5. The scattered radiation at each dose point from specified scatiering

regions pierced by rays traced during the angular sweep is computed.

These data are established from direct fluxes at each scattering
center, computed by the same procedure as the direct fluxes at the
dose point, and from differenlial scattering cross-sections and
models provid~d to the program. Attenuation of these radiations by
vehicle materials uses the rclaxation length data corresponding to
the appropriate ray.

6. An iterative procedure, based on a muitiple constraint formulation
of the LaGrange multiplier technique, is used to establish optimal
shield thickness. For this operation, the time-weighted doses 7o
each critical _rgan at each astronaut station are summedfnreach set
of shield thickucsces at each stage of the iteration. The derivatives
of total doses with respect to each shield thickness are also repeti-
tively evaluated. These data, together with data on the derivatives
of total shield weight with respect to each variable, form the basis
for inczementing or decrementing the shield thicknees variables
throaghout the iteration. Only one shieid thickress is modified at
ecc'. step; for the particular shield involved, the list of rays
penetratiny the shield is consulted to construct revised dose anad
dose derivative values. These data are also revised for all other
shields penetirited by such rays; i.» computations are performed for
v2ys that do .ot penetrate the shield region which has been altered.

vhen all dose criteria have been satisfied, and a weight convcrgence
test is n ot, the calculation is terminated. During the iteration, any
of the cuse criteria may cease to influence the optimization opera-
tions, because of the dominance of other criteria, this circumstance
is recognized automaticall+~ by the procedure.

B.4 COMPARISON OF OPTIMIZED AND NONOPTIMIZED, UNIFORMLY
DISTRIBUTED SHIELDING
Some supplementary data were obtained which illustrate the importance of
optimizing the shielding analyses. The data shown pertain to a MORL
vehicle orbiting at 200 nmi, 90° inclination, for 180 days, during which 2
solar flare events are enccuntered. The data presented here illustrate (1)
the weight savings obtained through shaping of shielding located at crew
commpartment well structure, and (2) the convergence of dose values, to tlte

levels specified as design criteria, during the iterative calculations of the

~ optimization process.

mt
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Shield-shaping benefits were evaluated for the ~onfiguration which does not
employ a biowell for sol.:s flare protection. As discussed previously, the
shield rnatcrial was then distributed in an optimwurmn manner among three areas
located at the crew corapartment wo1ll. A comparisor of the result obtained
when the shield was required to raecet the design-dose criteria for this situa-

tion and of the result obtained when the shield material was uniformly dis-

tributed over the wall area, is shown in Table B-1,

Table B-!
COMPFPARISON OF UNIFORM AND SHAPED SHI.LL DS

Uniform Shield Saaped Shield

Shield )
Shielu Area Thickness Weight Thickuess ‘Weight
Locar an (cm?) {gram/cm¢) {"g) (gram/cm*) (k<)
Bottom 2,68 x 107 1 37 504 0.24 125
Side 6.23 x 10° 1,37 854 0.84 825
Top 5.47 x 10° 1.37 750 1.78 975
Total: 1.54 x 106 2,108 1,625

A weight reduction of 43% is obtained as a result o. nonuniform shield
material disiribution. Ewven larger savings are possib!: if more variables »
(more candidate shield locations) are treated through further subdivision of
the shield areas, allowing an even greater fraction of the total shielding tc

be positioned at hot spots on the compartment wall.

Figure B-2 is a cace history of an optimization calculation skowing the
variation of dose values and shield weight throughout the iterative computa-
tions. These data were obtained for the same orbital conditions and ve hicle
configuration presented in the preceding comparison, except for the existence
of a L.owell, Therefore, eignt candidate shield locations were considered,
including three locations a1 the vehicle's wall structure and five internal
locations comprising the hiowell. Three critical organ dose criteria were
specified for tius problem. These criteria are the totel dose received by

each organ at three time-weighted astronaut stations within the vehicle

The orn-board isot e nower system was also treated. Only direct neutron

and gamma radiation were calculated. As mentioned previously, initial °
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computations 1tilizing SWORD found the single-cscattered fiuxes to be regiigi-
bie. In fact, the shielding specified for the isot.pic source was sufficiently
great that ever. direct rad:ation contributed little to inission dose (approxi-
mately 10 Rem), and hence, had an insignificant effect >n the optimization

computations.

In the anaiysis, the dose criterion irnposed on the blood-forming organs
was not important; the eye and skin dose criteria were dom:inant. Ali

final valves are infiuenced by the size of the shield weight increment used
for the last several iterations, in this case 55 1b. This value is controlled
by the magnitude of the initial weight increment established at the somewhat
large value of 880 lb to reduce the number of iterations for presentation :

purposes.

[

B.5 BASIC RADIATION DATA

Tables B-2 and B-6 summarize the averaged mission radiation energy spectra

favmag

referenced in Section 6.1 cf this report. These data were obtained from the

OGRE computer program cescribed in Reference 1.

—

Figures B-3 through B-8 describe the conversion of the above flux data irto

P

dose rates as a function of shield density. These curves were obtained by the
CHARGE program described in Reference 16. Figures B-3 through B-8

are inputs to the SWORD program. While the attenuation data are given for

a polyethylene shield material, the bremsstrahlung production computations
were performed assuming an initial laminate of aluminum cocrresponding to

outer-vehicle structure,




CE R i T

-

-

164
8
é
. -+
2
10° k
. AY
)
JUA
\\ SPHERICAL GEOMETRY
2 \\ NOVEMBER 12, 1960 FLARE
1025 | W W -
e—A—\__\
AN \\
AN

3
<= 1 X, AN APPLICABLE ORBIT J—
L . A N 19350 NI, 30° INCLINATION
3 o\ L~ 200 NMI, 90° INCLINATION j
o \ 7~ 200 NMI, 53° INCLINATION
4 N Z
3 2 \
100 X N )
g \\ = ~
[ -~ —
4 \(\ \\

0 0 20 30 . 40 50

POLYETHYLENE SHIELD DENSITY (GRAMS/CM?)

Figure B-3. Basic Dose Attenuation Data for a Solar .- lare




280

SPHERICAL GEOMETRY

~_ELECTRONS

v

———

/,TOTAL

BREMSSTIAHLUNG

DOSE (REW/YEAR)

10

20

30 40

POLYETHYLENE SHIELD DENSITY (GRAMS/CM?)

30

Figure B-4. Basic Dose Attenuation Data for Trapped Radiation — 19,350 nmi, 30° Inclination

« o ot

ST

[V,

-
s

— -

i




104
a
.3
4
— ELECTRONS NATURAL AND ARTIFICIAL ELECTRONS
2 SPHERICAL GEOMETRY
1
103a
6 -
4
< 1P
Z s
I I AN -
o \ r"ROTONS
8 2 ‘ ' f/’ :
10]3 ]
6 >~ —
\N
4 \
\\
2 *&\
BREMSSTRAHLUNG
i ( \JP'\ 1‘/
10" ~—~—
[ \
) \‘\'
2
10" -
0 10 n 30 40 50

POLYETHYLENE SHIELD DENSITY (GRAMS.'CM2)

Figure B-5. Basic Dose Attenuation Data for Trapped Radiation — 200 nmi, 53° Inclination,

Solar M'nimum (1974)

W £ e -




282

10°
8
6
4
2
15': i—_—- 3
1
6
JL
__~~ELECTRON NATURAL AND ARTIFICIAL ELECTRONS
T SPHERICAL GEOMETRY
10°
8
8 -
4
2 .
z v
S !
w12
o b dd
W :
(é .
RS TOTAL
l~'| \\ / g
U. _ Q\
s ~ PROTONS
. \. /]
- — ~——
100 \*—— BREMSSTRAHLUNG —————— !
: i =
4
2
-1
T 10 2 30 40 50

POLYETHYLENE SHIELD DENSITY (GRAMS/CM?)

Figure B-6. Basic Dose Attenuation Data for Trapped Radiation — Solar Minimum (1968)
200 nmi, 53° Inclination ‘




o 1 A

./. B A«M‘

~
10
s b
[
4
2
ELECTRONS
10® < NATURAL AND ARTIF'CIA
e . ICIAL ELECTRGNS
o L SPHERICAL GEOMETRY
‘ i‘
2
102
E 8
<T 6
wl
SNAN
|38}
o {\
g 2 \ <
= PROTONS
101 | \ / |
8 \ l
[} \\ -
4 \
S
2
0 /_\ \\ _ BREMSSTRAHLUNG
105 ~ /
6
s
4 \\
2 . \
\
-
g 10 20 30 40 50

POLYETHYLENE SHIELD DENSITY (GRAMS/CM2)

Figure B-7. Basic Dose Attenuation Data for Trapped Radiation — 200 nmi, 90° inclination,
Solar Minimum (1974)

B mmedn s,




Woarmpen ™}

Ve —

i
[ ]

4

[

t
- Serwe !

i
8
]
4
, [ NATURAL AND ARTIFIGIAL ELECTRONS
SPHERICAL GEOMETRY
10
8
6
4 —
_— ELECTRONS
2
102
— )
g 6
>
2
[a 4
o 2
(72
=
107 | g
8
6 — L TOTAL
' = — PROTONS
, =<t
%
o /-—\\\ \_}
ma ﬂ,*\\
1.
) \\<r BREMSSTRAHLUNG
-1
0 0 10 2 30 40 50

POLYETHYLENE SHIELD DENSITY (GRAMS/CM?)

Figure B-8. Basic Dose Attenuation Data for Trapped Radiation — 200 nmi, 90° Inclination,
Solar Maximum (1968)

R L TP



(November 12,

Table B-2
SOLAR COSMIC PROTON SPECTRA FOR 200 nm ORBITS

1960 I'lare Model)

(@]

0

E 53 20
MeV P/cm®-MeV P/cm®-MeV
20 1.3210%8 08 5.5952E 08
30 4.3489E 07 1.6914E 08
50 1.0803E €7 3.7404E 07
70 4.1080E 06 1.6948E 07
100 8.2965E 05 2.6692E 06
200 3.2981E 04 8.5968% 04
300 5.0606E 03 1.2200E 04
500 2.6988E 03 5.8052F 03
700 4. 9588E 02 9.7285E 02
1,000 8.4768E 01 1.4691E D02
2,000 2.7568E 00 3.7835E 00
3,000 3.6417E -01 4.4113E -01
5,000 2.7077E -02 3.1606E -02
Total flux
(P/cmZ/Flare) 1.420 x 109 5.572 x 109
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| Table B-3
RADPIATION SPECTRA FOR SYNCHRONOUS OKBIT

(19, 328 nmi, 30° inclination)

Sclar Cosmic Protoun S ectra Ploneta:y Trapped Elcctran Epectra

(November 12, 1960 Fi.re Model)

E o, F >
; (MeV) P/cm”-MeV (MeV) E/cm”-year-NeV
Z 20 2.200E 09 c.75 4.611 E13
30 6.518E 08 1.25 2.320 E13
50 1. 408E 08 1.75 1 168 E13
70 5. 131E 07 2.25 5.879 El2
: 100 9.565E 06 2.75 2.960 E12
\ 200 2.985E 05 3.25 1.491 F12
300 3.936E 04 3.75 7.510 E11
500 1.756E 04 4.25 3.784 E11
700 2.854E 03 4.25 3.784 Eli
' 1,000 4.159E 02 4.75 1.907 E11
2, 000 9.850E 00 5.25 8.727 E10
3,000 1.103E 00 5.75 5.042 E10
5, 000 6.992E 02 6.25 2.812 E10
6.75 1.406 E10
7.25 7.020 E9
7.75 3.355 E9
Total flux (P/cm®/Flare) Total flux (E/cm®-year! 4. 642 E13
2.100 E10 0. 5<E<3 MeV
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Table B-6
NATURAL ELECTRON SPECTRA FOR 200 nmi ORBITS

R
Electron Spectrum (Electron/cm™-year-MeV)

Period o o
53" Inciination 90 Inclination
6.7 - 5
Solar max. N(E) = 2.-14x1013e 6.25k N(E) = 1. 967x1013e 6.25E
1568 (0. 16<E<5.0 MeV) 0. 16<E<5.0 MeV
Solar min. Ngy = L 795x101 %76 22F Ngy = 1 245x1014.70-25F
1974 (0. 15<E<5 MeV) (0. 16<E<5 MeV)
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SPEED

EXPERIMENT SOURCE
CATEGORY NUMBER NUMBER SOURCE
LIEE SUPPORT SYSTEM & wi_ | wps TVALUATION 0
ENVIRONMENT MCNITUR ]

202 a1 IONIZ&TION-R

L— 20 | el | DATABANK _| EFFECTS OF 2
002 | WAl __| DATABANK _|EFFECTSOF 2

003 | WAl __ | DATABANK _|EFFECTSOF 2

oo | mai__ | oatasank _|errecTsorz

005 ____| WAl ___| DATABANK _| EFFECTSOF

BIOMEDICAL ASSESSMENT 000 1 A2 [ DATA BANK _] CONDITIONING
002 —— 1 wA2 ___| DATABANK _| CONDITIONING
205 | waz __ | DATABANK _| CONDITIONING -
2o L WAz | DATABANK _| coNoiTIOMNG,
20045 _ 1 A2 ___ | DATABANK ] CONDITIONING;
005 | we1z ___{ DATABANK _logsmeatorv
2% 4 was | DATABANK ] ssa:womg

0062 — 1 wAS | DATABANK _f3enavioraL fz

0003 | . WAS DATA BANK __| RFHAVIOPAL §

0064 ____ | WAS ___| DATABANK _ | BE4AVIOEAL

205 — 4 mas ] DATABANK _| BERAViOPAL;

0066 | A | DATA BANK _| BEHAVIORAL i

0000 | WA7 __ | T Bamk _|CRew pmoé

20002 A7 DATA BANK .| CREW PERFOR
BV e . ~ ruor enod



. ——

CURATION
PERIOD (HOURS. NUMBER OF
TITLE (HOURS) CYCLE) CYCLES
F LIFE SUPPORT SYSTEMS A i —+— 65 |
ADIATION MEASUREMENTS 168 1 - 57 ____
"ERO-GRAVITY ON MAN (CREWMAN NO 1) u 4 1100
"ERO-GRAVITY ON MAN (CREWMAN NO 2) U & 1100
_ ERO GRAVITY OF MAN (CREWMAN NO 3) ri 4 1100 |
ERO-GRAVITY ON MAN (CREWMAN NO &) U 4 1100
72E0-CRAVITY ON MAN (CREWMAN NO 5) U 4 1200
DEVICE SVALUATION (CREWMANNO DY __ 24 13 1100
LEVICE EVALUATION (CSEWMAN NO 2) u 13 1100
DEVICE EVALUATION (CREWMAN NO 3) _u 13 1100
CEVICE EVELUATION (CREWMAN NO 4) " 13 1160
DEVICE EVALUATION (CRENMAN NO 51 _ « 13 1100
GAS TOXICOLOGY 2% 2 365
_RESPONSES IN THE ORSITAL ENVIRONHENT (CREWMAN NO ) 168 6 7
EESPONSES IN THE ORBITAL ENVIRONMENT (CREWWANNO 20 | 18 | _ 6 2
RESPONSES (N THE ORBITAL ENVIRONMENT (CREWMAN NO 3 168 6 2 __!
RESPONSES IN THE ORGITAL ENVIRONNENT (CRENMAN NO 4 168 6 2 |
RESPONSES IN THE OF 81TAL ENVIRONMENT (CREWMAN NO §) 168 6 2]
RESPONSES IN THE ORBITAL ENVIRONHENT (CREWMAN NO 6) 168 ; 52 _%
QMANCE DURING ORBIT AND RE-ENTRY (CREWNAN NO 1) m 125 12 —3
IMANCE DURING OFBIT AND RE-ENTRY (CREWMAN NO. 2 2 125 12
 aNce QuRiNG ORBIT ANO RE ENTRY cREmanno | 7 | s ]
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S —_— -
0674 4 ms7? | DATABANK _JCR:w
20075 4 INAT —t DATA BANK ﬁCRFW
BEHAVIORAL ASSESSMENT 207 L mA7 | OATABANK _|cRew
20088 b A6 _____ | DATABANK _|BEHA\
20062 .}  MAe _____ | UATABANK _J BEHA\
0083 | NILE —t DATA BANK _ | BEHA!
20086 1 A6 _____1 [CATA BANK _ BEHA\
20085 ——_ | iA6 L DATA BANK _T
0086 — 1 MA6 ____1 DATA BANK BEHAV
20091 | A8 ___| DATABANK _| RETE
20092 1A-8 CATA BANK _| RETEN
2003 | A8 ___ | DATABANK _|RETEN
20004 | A8 ___ | CATABAMK _| RETEN
20095 | A8 ___| DATABANK _L RETEN
200% | A8 | DATABANK _] RrTeN
2010 1A-3 DATA BANK _{ YETEO
201 | a5 —— L DATABANK _| LABOR
ENVIRONMENT ASSESSMENT 012 IC13 — CATA BANK _| aCTivA
2013 | A7 ——§ DATA BANK —{ ATMOSF
2014 | 012 | DATA BANK _| MEASUF
015 — 1m0z —__L DATABANK _] RESPIR
2016 | 1814 | DATABANK _| Fuscr’
017 1821 DATA BANK _ VESTIE:
20181 A9 DATA BANK _{ PLASTI
) 0082 — _|_ mAY ___|_ OATABANK _| PLASTI(%
i 2183 A9 DATA BANK _] PLASTIé
' ‘z ? 20084 ___ I11A-9 L., A BANK- _*_m.nsmi
P 20185 A9 DATA BANA __| PLASTH
20186 A9 DATA BANK _{ PLASTIH
291 o MA3 ] DATA BANK _ Evoxso;“ -
BIOLOGICAL STUDIES 2192 MA-3 DATA BANK _| EVOKED
& BASIC MEDICAL RESEARCH 20193 INA-3 DATA BANK _{ EVOKED:
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PERFORMANCE DUFRING ORBIT AND RE-ENTRY (CREWMAN NO 5) 720 1 12
PERFORMANCE DURING ORBIT AND RE ENTRY (CREWMAN NO &) 120 125 12
+i0QAL RCSPONSES IM THE ORBITAL ENVIRONMENT (CRE¥MAN NO 1) 24 25 368
/107AL RESPONSES IN THE ORBITAL ENVIRONMENT (CREWMAN NO 2) 2 2 35
/OKAL RESFONSES IN THE ORBITAL ENVIRCNMENT (CREWMAN NO 3) 24 25 365
JICRAL RESPONSES IN THE ORBITAL ENVIPONMENT /CREWMAN MO §; (L) 25 365
/IORAL RESPONSES 'N THE ORBITAL ENVIRONMENT (CREWMAN NC 5) 24 25 365
1ORAL #ESPONSES IN THE ORBITAL ENVIRONMENT (CREWMAN NO. 6) 24 25 365
TION OF SKILLS LEARNED IN ORBITAL ENVISONMENT (CREWMAN NO 1) 2 3 66
TION OF SKILLS LEARNED IN ORBITAL SNVIRONMENT (CREWMAN N’O 2) 24 3 60
TION OF SKILLS LEARNED IN ORBITAL ENVIRONMENT (CREWMAN NO 3) 24 3 60
TICWN OF SKILLS LEARNED IN ORBITAL ENVIRONMENT (CREWMAN NO 4) W] 3 60
TION OF SKILLS LEARNED IN ORBITAL E4VIRONMENT (CREWMAN NO 5 2 3 60 ]
TION OF SKILLS LEARNFD IN ORBITAL ENV:RONMENT (CREWMAN MO. 6) 2 3 60
ROID PHYSICAL CHARACTERISTICS 10 z 12
ATORY LOCA:. EXTERNAL ENVIRONMENT 168 2 52 :
\TION MEASUREMENTS OF SELECTED MATERIALS 2166 ' |
JHERIC DRAG MEASUREMENTS SN /(N SN RN N - S ¢
JEMENT O NOISE, VIBRATION ANC DYNAMIC DAMPING FACTOR iN SPACECRAFTL._ 5 ‘ 10
£D GASES VERTILATION _ " , m
" LON ANC LYSFUNCTION OF THE GRAVITY-SENSITIVE ORGAN IN ZERO G ENVIR | 24 _5 %0
JLAF NERVE ACTIVITY AT VARIOUS G-LOADS u 25 %
" CITY IN HUMAN SEMSORIMOTOR CONTROL (CREWMANNO. 1) ——— | _ 72 2 120
SITY IN HUMAN SENSORINITOR CONTROL (CREWMAN NO. 2) 7 3 120
" CITY IN HUMAN SENSORIMOTOR CONTROL (CREWMAN NO. 3) 7. 3 2
" AITY IN HUMAN SENSORIMOTOR CONTROL (CRFWMAN NO. 4) 7 3 120
SITY IN HUMAN SENSOKIMOTOR CONTROL (CRENMAN NO 5) | n 2 120
. ITY IN HUMAN SENSORIMOTOR CONTROL (CREWMAN NO 6) 7 3 120
——__4 ELECTROMYOGRAPHY (CREWMAN NO. 1 Rvi %0 3 u
- ELECTROMYOGRAPHY (CREWMAN NO. 2) %0 3 o
ELECTROMYOGRAPHY (CREWMAN NO. 3) !:}‘ She %0 3 2%
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UM PATIATION AND 7850 SRAVITY ON BACTIRIA % 25 s
T TTUTHET GF OCDENTIIN PACT CNVIRGWLCNT B ‘ 0
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TESTS OF MATERIALS 88 | 100
LIZATION STUDIES 360 2 X
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JALUATION 0 RADAR PROFILOME VER 13 1 10
SADIOMETER ' : 1
Y DF RADIGMETER (MICROWAVE & IRV IN ENVIORMENT | 18 B 1
FILTERS L ' 4 1
TH & CHARACTERISTICS OF FILTERS 15 2 10
RADICHETER ) ' s )
"E ACCURACY OF 1R GADIOMETER 68 3 L n
MENT EFFECTS ON TRANSPONDER SATELLITE 4 4 3
ITB ALIGNMENT OF LASEF ' ' 2
SATELLITE * . I 4 3
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SATELLITE 3 3 3
¥ & RETRIEVAL OF TRANSPONDER SATELLITE 4 4 10
RADAR ' 4 18
JANCE EVALUATION K & C-BAND RADAR 4 ' B
ICK-ON PROCEDURE 2 2 I
JALUATION OF CAMERA 15 5 3
JALUATION OF MICROWAVE RADIOMETER 1S 05 2
JALUATION 07 IR RADIOME TER 15 15 3
/AL OF S-BAND POLARIMETER 15 15 10
JALUATION 0 LIDAR 511 |2
_ DEFECTOR ! 4 4 2
JETECTORS - SPACE EFFECTS 10 1 n
ANVENNA _ : Lo ‘ 2
VE RAD WINDOW - SPACE EFFECTS ' 120 ' 3
BEARINGS ' 4 2
i BEARINGS 168 3 _ 30
MIRROR 4 \ 6
IRRGHS - ENVIRON. ___ 120 4 73
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